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Chapter 25

· Burgess Shales
· 500 mya, mud slides carried animals of the edge of a cliff
· They got buried in the silt there
· It got compressed into shale, and in between the layers formed fossils of invertebrates
· Positive and negative impression
· The organisms in these fossils were really weird
· Example: Hallucigenia had 7 pairs of spikes on its back, 7 pairs of soft blobby feet on its bottom
· 25.1a – What is an animal?
· Eukaryotic, multicellular organism
· Cells are in direct contact (unlike fungi + plants, where there is cell wall separating)
· Heterotrophic
· Motile (all start out as motile, some settle down and become sessile in adulthood)
· Reproduce
· 25.1b – Animal lineage probably arose from choanoflagellate ancestor
· Choanoflagellate = unicellular protist with flagellum protruding from microvilli
· Flagellum beats water toward cell, microvilli capture food
· Colonial choanoflagellate  they got together to form a colony 
· Pump more water, are more efficient when grouped together
· No division of labour though
· How did they become animals? Animal autapomorphies.
· Multicellular eukaryotes (like plants/fungi),
·  Ingestive heterotrophs (unlike plants which are autotrophs, and fungi which are absorptive heterotrophs)
· Use choanocytes to pump water to feed
· Division of labour
· Tend to use collagen as cellular adhesive
· 25.2 – Key innovations in animal evolution
· Tissues formed – most organisms had two or three concentric “germ layers”
· Endoderm = innermost layer
· Developed into the gut lining
· Ectoderm = external covering
· Mesoderm = muscles of the body wall and other structures
· Diploblastic = ectoderm and endoderm only (2 germ layers)
· Triploblastic = ectoderm, endoderm, and mesoderm in between (all 3 germ layers)
· 25.2b – symmetry
· Asymmetrical body plan = no symmetry
· Radial symmetry = body parts arranged regularly around the central axis
· Bilateral symmetry = on either side of the midline, the left and right are mirror images of each other
· They have anterior and posterior (front and back), and dorsal and ventral (upper and lower) surfaces
· Anterior end encounters food, shelter, or enemies first
· 25.2c – Many animals have body cavities that surround their internal organs
· Acoelomate = there is no coelom 
· Order form inside out: gut/endoderm, mesoderm, ectoderm 
· Pseudocoelomate = there is pseudocoelom
· Order: gut/endoderm, psuedocoelom (empty space), mesoderm, ectoderm
· Coelomate = there is coelom
· Order: gut/endoderm, mesoderm, coelom (empty space), mesoderm ectoderm
· Sometimes the inner and outer layers of mesoderm connect via branches (mesenteries)
· 25.2d – developmental patterns mark a major divergence in animal ancestry
· Bilaterally symmetrical animals divided into two lineages: protostomes + deuterostomes
· After fertilization, a cell undergoes cleavage, and the first two divisions result in 4 cells that are positioned as if you cut an apple in 4
· The next cell division can occur two ways
· Spiral cleavage (in protostomes) = the top layer of cells lies in the grooves between cells of the bottom layer
· Radial cleavage (in deuterostomes) = the top layer’s grooves are lined up with the bottom layer’s grooves
· Mesoderm develops differently in protostomes and deuterostomes
· Schizocoely (in protostomes) = mesoderm develops at the two edges that make up the blastopore 
· Blastopore = opening to the gut
· Enterocoely (in deuterostomes) = mesoderm is pinched off from outpocketings of the archenteron
· Archenteron = the developing gut (of the developing embryo)
· PORIFERA (phylum of sponges)
· Asymmetric body plan
· Symmetry is based around the digestive system, but sponges don’t have digestive epithelium, so the sponcocoel cannot be considered a digestive cavity
· Cells stuck together, but not arranged in tissues	
· No cell-to-cell communication
· Sessile as adults
· General morphology
· Instead of moving through the environment, they move the environment through them
· Cells are organized in layers (NOT tissues)
· Choanocytes are arranged in a choanoderm
· Flagellated cells on the inner layer of the sponge’s body cavity (spongocoel)
· The flagellum creates a water current, food particles are pulled toward and get stuck on microvilli, ingested by phagocytosis
· Pinacocytes make up  the pinacoderm
· Outer layer of sponge, with pores around it
· Pinacocytes cannot feed on their own
· Wandering amoebocyte 
· Takes food vacuoles from choanocytes (which CAN feed) to pinacocytes
· Also uses some food for itself
· Spicules
· Support the sponge
· Made of protein (sometimes glass or calcium)
· Filter feeder = suspension feeder
· The sponge filters food through its pores and they get stuck on the microvilli and are then digested
· There is no mouth
· Sponge sex
· Example of totipotency
· There’s only one cell with a flagellum (the choanocyte) so that is the primary candidate to become a sperm
· Water flow carries it up and out
· Archeocytes/amoebocytes become the egg
· As the sponge is constantly pumping water, some sperm get caught
· If it catches sperm of its own species, it phagocytoses but does not digest
· Passes it onto an egg and fertilizes
· Moral of the story: amoebocytes are like stem cells
Look at the notes from the podcast.
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Sponges:
· Asymmetric body plan (because it’s supposed to be based on symmetry around the digestive cavity, but the opening at the top of a sponge is not really a mouth… it’s the exit part)
· Also there’s no digestive epithelium, so the spongocoel can’t be considered a digestive cavity
· Cells but no tissues
· No cell-to-cell communication
· Origins of prion (hold cells together)
· Will become a problem later when they become abarrent
· Totipotent cells
· General morphology
· Instead of moving through the environment, they move the environment through them
· Cells are organized in layers (NOT tissues)
· Choanocytes arranged in a choanoderm
· They are all pumping, water flows towards, trapped in microvilli, food digested by phagocytosis
· But they’re on the inside of the sponge’s body cavity (spongocoel)
· As water pumped in, it comes out the top 
· Choanocytes trap food particles by phagocytosis
· Outer body wall = epithelium-like surface 
· Pinacoderm made of pinacocytes
· They have pore that bring water through and into body cavity
· Choanocytes can feed but pinacocytes cannot
· Must supply nutrients
· Wandering amoebocyte in between these two layers of cells
· Takes food vacuoles from choanocytes and uses it for itself, or transports it to pore cells and pinacocytes
· Morphology specifically designed for pumping water
· At start of Cambrian, there were only unicellular eukaryotes and algae in the water
· So a sponge can sit anywhere (with sun, without) and live
· There are also spicules  support the sponge (it needs a shape)
· Made of protein
· Or glass, or calcium
· Sponge sex
· Example of totipotency
· There’s only one cell with flagellum so that must be the sperm
· Some choanocytes become sperm
· The water flow carries them up and out
· Around the opening you can see a cloud of sperm coming out
· Archeocytes/amoebocytes turn into egg
· Sponge is constantly pumping water – sperm gets caught
· If it catches sperm of its own species, it phagocytoses but does not digest
· Passes it to wandering amoebocyte
· Goes to egg
· Fertilizes
· Amoebocytes are basically stem cells 
· Totipotent
· You could put a sponge in a blender, then put them into a petri dish with agar+food, they all revert back to amoebocytes
· They find each other then return to separating their body functions
· Every single cell in a sponge is a potential stem cell

Symplesiomorphies 
· 1: gap (septate) junctions
· Also loss of choanocyte
· 2: true tissues with all components
· Internal digestive epithelium
· Oral-aboral axis and symmetry
· Cnidaria will take these innovations and use them
· Everyone will get these innovations
· But cnidarians will freeze at this point in time and make their own unique body plan
Gap (septate) junctions
· A series of specialized proteins anneal to adjacent membranes together
· Gating mechanism that opens/closes
· Signal can move through cells
· This is what tissue is all about!
Gastrulation
· Zygote dividing  forms hollow ball called blastula
· All of the circle is epithelium
· They get a signal and this results in an inpocketing of endoderm cells
· Then they line the inside of the organism
· The residual ones are the ectoderm
· The opening is the oral opening
· Endoderm is digestive epithelium
· This process is called gastrulation because this structure is now called a gastrula
Symmetry
· The gastrula is radially symmetric
· Bilateral symmetry  requires cephalization
A group of organisms takes these conditions and makes them into a body plan
Cnidaria (jelly fish and corals)
· Cnidocyte = way of capturing prey
· Can move around
· Special epithelial cell has contractile elements
· Epitheliomusculature = epithelial cells that have contractile elements
· They can do contractions
· This results in a polyp body plan
Cnidocyte 
· A cell that has an organelle inside called a nematocyst
· As the cell develops, nematocyst is a coiled spring under compression inside it
· It can shoot out at really fast speeds
· Penetrates through your skin
· At the tip there’s an anchor which opens up and holds on
· Often contains poisons/irritants
· They evolved to sting small invertebrates
· They use the sting to reel the food in
· Ingest it
· Nobody feeds like this to this day
· It’s like a Taser
Polyp body plan
· Gastrula with a single opening
· Endoderm on the inside
· Incomplete gut
· Mouth but no anus
· When they feed, they ram the food in, close mouth, digest, absorb, open mouth, eject remnants
· Lining the cavity is a dermis (now it is a true epithelium, not just a derm)
· Gastrodermis
· Gland cells secrete enzymes
· Nutrient cells absorb nutrients
· Cells communicate so everyone gets piece of meal
· Flagella pointed inwards that creating mixing current inside cavity
· There are muscle fibre elements that run in a circle all around the body (on the inside)
· Longitudinal fibres on the outside
· Hydrostatic skeleton
· Shut mouth  sausage shaped, water filled balloon
· Contract longitudinal elements = shorter and wider
· Contract circular elements = lengthen + decreased diameter
· They are an opposing muscle pair because when one contracts, the other is relaxed
· Epidermis on the outside (outer tissue)
· Some nerve cells
Two different shapes
· Medusa shape (jellyfish)
· Polyp flipped upside down
· Jelly like layer between two tissues is enlarged (mesoglea)
· No longitudinal muscles; instead there are only circular muscles
· Instead of using water, jelly-like mesoglea is used as a compressible element
· Compress muscles  compress mesoglea  bell is contracted
· Relax  stretches back out 
· Unique swimming motion
· It propels itself upwards and then drifts down with tentacles outsretched  catch food
Reproduction
· Polyp divides
· Makes a big branching structure
· Some are gastrozooid, some are gonozooid (feeding and reproductive cells)
· Zooid = polyp like animal
· Some become a female medusa, some become male medusa
· When mating time comes, they release sperm and gametes into water column
· If the same species matches up, fertilization occurs
· Gametic isolation  a concept applied here
· They know each other
· Zygote becomes planula larva
· Crawls around the substrate, settles down, branches upwards, becomes a polyp
· DEBATE: what kind of symmetry came first?
· The little planula larva was bilaterally symmetric
· This might mean that the first animals were bilaterally symmetric, radial came after
Corals
· Little polyps, very small
· They can extract calcium from environment, use it to build a little cup in which they live
· When it needs to feed, sticks tentacles up, grabs them, pulls back in
· As a colony grows, it builds more polyps upon polyps
· They can create major geological features in our oceans
· Great Barrier Reef off coast of Australia
· These are the tropical rainforests of the ocean
· This little cnidarian will modify the oceans. We will keep an eye on it.
· Algae is often a symbiont
· Algae nourishes them
· Changes in the world’s climate conditions killed a lot of algae
· It takes a very small temperature fluctuation to kill corals
Embryology – cleavage
· Divide the animal world into two groups according to their 8-cell stage
· Spiral cleavage and radial cleavage
· Gastrulation  creating a body cavity, also creating mesoderm
· There are two different ways 
· Schizocoely and enterocoely
· The mesoderm blobs are created off the gut (endoderm) in enterocoely
· From the lip of the opening to the cavity in schizocoely
Protostomes and Deuterostomes
· Depends on three things
· Blastopore mouth or anus
· Spiral or radial cleavage
· Schizocoely or enterocoely 
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We’re basically tracking the evolution of every group within Animalia
Nothing happening with plants yet because there are still only single celled protists
Last class we ended up talking about the 8-cell stage, cleavage, gastrulation, etc.

3 characters that distinguish protostomes from deuterostomes
· This divvies up the entire animal world at the embryological stage
Body cavities
· Acoelomate = no body cavity
· Solid mass of mesoderm
· Coelomate = fluid filled space surrounded by mesoderm
· This fluid can be circulatory, move nutrients and metabolic waste around
· A larger organism needs this circulation
· Could be used as a hydrostatic skeleton
· Digestive tract musculature can now move independent of the body muscles
· Some animals use this fluid filled space for reproduction
· Major advantage/innovation
· Inner mesoderm can connect to outer mesoderm via mesenteries
· Holds other organs in place
· Psuedocoelomate 
· Cavity is not completely lined with mesoderm
· No mesoderm associated with the gut
· For a long time it was assumed that acoelomates came first
· Now we know that the coelom comes first
· It is a derived trait to get rid of the coelom
Acoelomate
· Planaria (flatworms)
· Just gut, endoderm, mesoderm, ectoderm
Pseudocoelomate
· Gut, endoderm, psuedocoelom, mesoderm, ectoderm
· It has no way to propel food through its gut
· How did they manage to feed?
Coelomate
· Earthworm 
· Gut, endoderm, mesoderm, coelom, mesoderm, ectoderm
Protostomia
· Protostomes are divided into 3 distinct groups
· Ecdysozoa
· We will study this first
· Lophotrochozoa
· Amalgam of 2 different groups
· No common morphology
· Mitochondrial analysis, gene sequencing showed that they were in fact related
· Platyzoa
· Got rid of coelom
Ecdysozoa
· They all have an exoskeleton on the outside of the body, often called a cuticle
· Secretion of non-living materials towards the outside of the body
· Crayfish, lobsters, centipedes, millipedes, dragonflies
· As they grow in weight/mass, outer skeleton does not change in shape or size
· To accommodate growth, they must shed skeleton, grow new skeleton, and then increase mass inside that new skeleton
· Like a suit of armour
· Each time they shed, they moult, or undergo ecdysis
· Ecdysozoa = the moulting animals
We will be looking at nematodes and arthropoda.
Arthropoda accounts for over 90% of known living species, and of that 90% most are insects.
For now we won’t talk about arthropods yet because they’re on land, so we’ll look at them later.
Nematoda
· Symplesiomorphies:
· 1. Collagenous cuticle without microvilli
· Longitudinal but no circular muscles
· 2. Epitheliomuscular pharynx
· Group that has specialized in miniaturization
· Not every evolutionary strategy is to become large organisms
· There are some species that are so small that the moisture between sand grains is an entire world to them
· Triploblastic
· Bilaterally symmetric
· Pseudocoelomate
· No mesoderm around the endoderm
· Only longitudinal muscles between pseudocoelom and ectoderm
· Whiplike movements
· Very inefficient at swimming
· They actually exist predominantly in soils
· They use whip motion to move through the soil
· Back in the Cambrian they would have existed in the sediments at the bottom of the ocean
· The video he showed in class was a vinegar eel
· Elasticity of the cuticle allows them to move
· Nervous system is different
· Instead of multiple nerves connecting to a muscle, the muscles themselves (longitudinal) stretch out to touch a central nervous system
· Epitheliomuscular pharynx
· [bookmark: _GoBack]Two valves
· Back one closes, front out opens, then front one closes, back one opens
· This squeezes food into the pharynx, then into the gut
· They took an idea from the cnidarians
· Instead of having separate muscle and epithelial cells, why not put contractile elements in epithelial cells?
· One less level of complexity – ideal for miniaturization
· Triradiate pharynx
· Three muscles arranged in a triangle-like circular opening
· Most efficient way to open an opening
· Amoeboid sperm
· The only animal that has amoeboid sperm = no flagellum
· So in the end when we look at the nematode
· Specialized to be small and efficient
· We don’t really know their role because they are mostly unknown to us
Moving along…
Panarthropoda
· Cuticle is now made of chitin (not collagen)
· Chitin is a modified sugar chain also used by the fungi
· Appendages (limbs)
· Used for moving around and also for manipulating food
Onychophora 
· Part of the panarthropoda
· Oral papillae with slime glands
· Segmented body plan
· Each has an appendages
· Each is going to have its own function
· Velvet worm
· Living fossil (still around today)
· Gives proof of Pangea
· When Africa and South America split, velvet worms were found in both these areas
· On its way to having a complete solid exoskeleton
· Flexible cuticle
· Still uses hydrostatic skeleton with circular + longitudinal muscles
· Fleshy little legs
· It’s a predator
· Morphology
· Two big jaws used to tear food up
· Oral papillae
· Shoots out sticky glue, immobilizes prey, then chops it into smaller pieces and eats
· Still has inarticulated limbs
Arthropoda
· Articulated exoskeleton of plates
· Cuticular plates
· No more hydrostatic skeleton
· Only way to move is to have muscles run between plates that articulated with each other
· Attach muscle on each side of the joint
· Since we’re in the Cambrian, we should stuck to the marine arthropods
· We will look at two arthropod groups:
· Trilobites
· Has gone entirely extinct
· These were some of the larger predators that made their explosion
· There was a full variety of them: herbivores, carnivores, different sizes, etc.
· Very diverse
· Disappear 100 million years after their appearance
· Crustacea
· Large crustacean
· Large appendages associated with each segment
· Segments sometimes fuse to carry out common functions
· This is called a tagma
· But the ones in the Cambrian are very small crustaceans
· Small enough to filter algae cells (primary producers of the ocean)
· Metachromal wave sent down the body
· They are actually filter feeders
· The plates on its back undergo metachromal wave and push water from between them, pushing water out and propelling them forward
· Water moves through the cuticular hairs and food gets trapped, moving down the midline of the plates on the back
· The food is balled up and migrates toward the mouth gradually as the crustacean keeps moving
· Primary herbivore
· At the very bottom of the food chain
· This hasn’t really changed
· To this date, no other arthropod is found in the ocean
· The crustacean took the role over and found a way to harvest the phytoplankton in the ocean
· Every other filter feeder relies on the water current to bring the water to them
· This little guy doesn’t
· He moves through the environment and actively filters food out
· He can go to the top of the ocean where there are even more algae
Lophotrochozoa
· One of two structures:
· Specialized feeding structure called a lophophore (U-shaped gut)
· Or a larval stage called a trochophore
· These are entirely different things! One is an embryological stage, one is a feeding structure.
· Lophophores
· Sessile
· Kind of like a polyp, but with an anus
· Anus is right beside the mouth
· They also build reefs
· Can use calcium from the water to create a casing for themselves
· Bryozoa
· Fleshy tentacles covered in cilia
· They pump and create a water current which goes between tentacles which trap food, it gets passed onto the mouth
· Anus is right beside mouth
· But the water current ensures that waste from the anus is swept away
· Triploblast, therefore it can move a lot more than other filter feeders
· Can retract into their calcareous case if they’re in danger
· Bryozoan reefs
· Just as important as the coral reefs
· There will be a time when all coral and bryozoan reefs will be lost
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· Trochophores
· This is a larval stage
· Larva is found during the development of all four animal phyla in the trochophores
· Band of cilia around its middle  for swimming
· Cilia propels it through the water
· Tufts of cilia at top and bottom stabilize it
· Another defining characteristic: schizocoely
· It turns out that THIS is where schizocoely developed, NOT along with the other ‘defining’ characteristics of protostomes (spiral cleavage, and blastopore-mouth)
· Spiral cleavage didn’t develop with the blastopore-mouth either, it developed afterward
· So the only defining characteristic of protostomes/deuterostomes is the fate of the blastopore – mouth or anus.
· Molluscs
· Radula (feeding structure)
· Dorsal mantle = layer of epithelium that secretes a shell
· Divide organism into two regions
· Ventral foot
· Extremely diverse
· Mollusc traits (body plan)
· Their body has two parts: dorsal surface, and a ventral ciliated muscular foot
· On top of the foot sits a body
· Unique feeding structure: radula
· Radula = grinding structure that files away at food, like sandpaper
· Pick up organic scummy matter on surfaces
· Mantle = dorsal epithelium that secretes calcium to form a shell
· Pulls calcium out of water, crystallizes it, secretes it to outside
· Retractor muscles can pull the shell down, it hides under its shell 
· One of first animals that can escape predators
· Very little surface for gas exchange with a mantle covering it
· So it has a mantle cavity with gills that have cilia on their surface
· Pump water in and out
· The anus is near the outflow so fecal waste is carried away as well
· Probably the second most abundant group of animals on the planet
· This body plan can be easily modified
· Can come up on land
· We will focus on 3 mollusc body plans
· 3 mollusc body plans
· Snails (gastropods)
· Visceral mass has enlarged
· Foot sticking out, radula too
· The shell grows faster on one side than the other – it grows in a spiral
· This occurs AS the visceral mass increases (grows)
· Muscles stretch to front + back of organism that can be pulled into the shell
· If there is a plate on the end of the tail, then they can even completely encase themselves (like close a door behind them)
· They can live in deserts
· Protects against predators and drying out
· Squids and octopods (cephalopods)
· Visceral foot, mass on top, mantle cavity where water is pumped in and out, anterior head
· Enlarged visceral mass to support a bigger body
· As they did this, the head and the foot came together
· Foot got modified to tentacles
· Gives the name ‘cephalopod’
· The very first cephalopods lived inside an elongated shell
· This is the first armoured predator
· So abundant that the fossils are extremely easy to find
· Ammonites
· Coiled shell
· These were the main predators
· Better than anomalacara because it lived inside a shell (protective)
· Nautilus 
· The only remaining cephalopod with a shell
· Eventually a better, more agile predator – a fish – repopulated the oceans and these shelled cephalopods were at a distinct disadvantage
· They were sluggish
· So they lost the shell fairly quickly
· Known today as the squids and octopods
· They use the muscle of the mantle to suck in water and propel themselves
· Clams (bivalves)
· Sedentary filter feeder
· Pump water into the cavity – water passes over the surface of the gills
· Particles get trapped in cilia
· Filters large volumes of water
· No radula (no need for it, so they lost it)
· We only eat the ones that are openable
· When the muscle relaxes, the shell opens
· When you steam it, the heat gets them excited and the muscles open
· But if the muscles are already dead, they will not move again
· Can’t open
· Annelids
· Metamerisation (segmentation)
· Mesoderm arranged in blobs
· Setae (bristles) that extend out from the side of the body wall
· Some swim in the water, some sit and filter feed, some will be predatory
· Earthworm
· Segmented 
· Longitudinal and circular muscles
· There is a wall between each segment
· When one segment changes shape, no impact on segments beside it
· They can move entirely independently
· Longitudinal muscles contract, gets fatter, bristles stick out
· We’re using an earthworm as an analogy for the annelids that were in the water
· The setae anchor organism in place while parts ahead of that segment lengthen to move it forward, then those anchor, and etc.
· They push the anterior end into the sediments
· You can either push your way through, or swallow the sediments
· The annelids swallowed
· They burrowed into the sediments, tapping a new food source; burrowers
· This also protected them against predation
Platyzoa
· Loss of the coelom (it’s a derived trait!)
· Acoelomate or pseudocoelomate
· Platyhelminthes (flatworms)
· Lost the anus
· Incomplete gut
· Originally placed at the bottom of the evolutionary tree
· But why did they get rid of the coelom?
· Specialized at becoming super flat
· Less organs/circulatory system because it has a good surface area to volume ratio; it can solve its problems with diffusion
· No reason to have coelomic fluids
· Why not have mesoderm there
· It doesn’t mean that they don’t have a hydrostatic skeleton
· The mesoderm is quite spongy
· But they have to stay flat
· Cilia along the ventral (bottom) side
· They beat in metachromal waves
· They can glide/swim
· They need a way to stick to the surface that they glide on
· Series of sticky adhesive glands 
· It releases a glue to hold itself to the substrate  also prevents dislodgement
· Another way of moving:
· Using the circular and longitudinal muscles the same way annelids do
· Feeds on cnidarians without firing the cnidocytes
· Digestive system
· Muscular pharynx
· Highly branched digestive tract
· Massive digestive surface for transfer of nutrients
· Outer body wall is massive surface for transfer of materials with environment
· Diffusion meets all its needs
· Complex reproductive system
· Hermaphroditic
· Both parties of the mating event walk away fertilized
· Snails and earthworms are hermaphrodites too
· Good for slow moving organisms because when they do meet, there are two resulting fertilizations
· Here’s what happens:
· Testes produce sperm, runs down sperm duct, stored in seminal vesicle
· Sperm transferred into other flatworm’s seminal receptacle
· Mutual sperm transfer
· They separate and go their separate ways
· Only THEN does ovary start producing an egg
· It passes the seminal receptacle, gets fertilized, egg is laid
· Most flatworms are parasites
· Invade the spaces of other organisms
· Perfect parasites
· Can invade any organ, stick to the wall, and will not block anything in the host’s system
· Perfect surface to volume ratio that they take full advantage of the organism’s body functions
· Chinese liver fluke
· Very simple digestive system + oral sucker
· Feeds on fluids
· Glued to the inside wall
· Still hermaphrodite
· Within the liver, the fluke releases sperm into another fluke, ovary produces eggs
· Eggs produced/nourished in ootype
· Egg has a shell on it
· Order of reproduction:
· Inside liver, adult fluke produces eggs which are released
· Eggs end up in bile
· In intestine as hardy, resistant eggs
· Released in fecal material
· Sheep often graze around water
· When the egg washes into a body of water, the ciliated larvae hatches and swims
· It has to find a host to increase its numbers
· Flukes all find a snail (relationship was set up long time ago)
· Miracidium lives and grows in the snail
· Creates a sporocyst
· Redia are produced when sporocyst bursts
· Cercaria dig through the wall of the snail, back to water
· A lot of them dig into the side of a fish, go dormant (metacercaria)
· If meat of fish isn’t cooked well (to kill metacercaria), it moves into the intestine, into the blood, into the liver
· Cycle continues
· Very complex life cycle!
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Deuterostomes
· Echinodermata
· Returned to a type of radial symmetry  pentamarous symmetry (based on 5)
· Why did they return to radial symmetry?
· Starfish
· Larvae are bilaterally symmetric
· To understand why they did this, we must look at the fossil record
· Started out as animals that lived on a stalk with arms that radiated from the centre
· Trapped food that was falling (dead things, drifting things)
· Had little feed along its length
· The feet moved food to the mouth
· Water vascular system 
· Hydraulics of the little feet
· Nowadays, their mouth points down instead of up
· Feet point down
· Little hydrostatic skeletons used to propel it across the bottom of the ocean
· Use food gathering system to turn it into a locomotion system
· Suction cups can hold them in place
· Slow movement
· Some of the starfish are predators
· They can eat sessile molluscs
· Wraps its arms around the clam
· Pulls open the clam
· Inverts its whole stomach inside the clam, fills it with digestive enzymes
· Sucks it back into itself to feed
· Can also eat corals
So there were a bunch of phyla that showed up at the same time.
WHY?
An explanation for the Cambrian explosion
· Snowball earth
· In the late Proterozoic, all the continental land masses on the equator  evidence of glaciation (even though they were near the equator)
· Planet was a solid, frozen ice ball
· First time that land masses rising up out of the ocean
· Terrestrial erosion putting sediments into the ocean
· Altering chemistry of ocean  lots of silica, calcium, etc.
· Minerals pull carbon dioxide out of the air, removing greenhouse gases that keep the planet warm, planet cools
· The land mass does not absorb heat like the oceans do
· Ice sheets form at north and south poles
· Oceans become shallower
· Continental shells become exposed
· More snow  white reflects sun’s heat
· Lots of cyanobacteria activity
· All of these things contributed to a cooling planet
· 650 million years ago, the planet was frozen
· When we came out of that frozen earth, the planet was now ready to start multicellular life
· It’s possible that multicellular life started before snowball earth, but it was all stopped
· Slushball earth
· Slushy wet zone around equator, but doesn’t freeze
· Fossil records
· Ediacarian fossils
· Doushantou fossils
· Older than the Cambrian
· Around the time when the earth froze
· Picture of fossils from slides
· Looks like an embryo (divisions from one to two to four to eight cells)
· Were these multicellular? We will never know.
· Mistaken Point
· Prior to snowball earth, there were some multicellular organisms
· Fractal design (self-similar)
· So there may have been plenty of multicellular life before the burgess shales
· After snowball earth…
· Volcanic outgassing will release C into atmosphere again
· Earth warms up again
· Cambrian burrowers
· Prior to Cambrian, even in the ediacarian period, all animals were sitting on the surface of the ocean bottom
· Impenetrable algal mat (think biofilm)
· Mostly it was a bacterial, moldy bottom that nobody could penetrate
· Matter kept dying, building up, it was quite thick
· Burrowers = first organisms that could penetrate through this
· It is hypothesized that the molluscs, with their radulas, penetrated this
· Made burrows/spaces where other animals (annelids) could get in
· Quick diversification of burrowers
· Advantage of new food source, + protection
· Sit in burrows, anchor in place, filter feed or maybe just get food from burrowing
· Lots of calcium mineral in the ocean
· Organisms learned how to incorporate it into an exoskeleton, etc.
· Protected against predators
· As soon as there are predators and armoured prey, there’s an arms race
· Results in a lot of variety
· Hox genes
· Has to do with genes that create pattern in organisms
· At the anterior end of the embryo, there is some RNA that makes protein which diffuses through the egg
· At one end concentration is high, at one end concentration of protein is low
· Cells living in high environment, genes folded to turn on all the anterior end stuff
· Low concentration  folding results in genes that code for posterior end
· These are called homeotic genes
· This is how identical cells in the embryo differentiate
· Most famous homeotic genes = hox genes
· These are the same in a mouse, and a fruit fly
· Homologous genes
· These gene families are ancient
· Homeotic mutants are possible
· If you take a cell that was originally in the middle, for example getting ready to be legs, then put that cell near the head, the head would grow legs
· The development of complexity is developed the same way in all organisms
· This was suspected to have happened around the beginning of the Cambrian
· Once this is in place, you can get duplication of genes
· Increases in genome number
· Previously, there was no way to code for patterning (anterior/posterior, etc.)
· These go back into the ediacarian (before Cambrian)
· But snowball earth stopped everything
· When planet warmed back up, homeotic genes were already present
· Plants also often use the same hox genes

Mass extinctions
· Losing more than 50% of organisms at that time
· Near the end of Ordovician, continents gather together
· Moving continents causes cooling (not as bad as snowball earth)
· Drop in water levels, more ice at the poles
· Continents come out of water
· Drop in diversity of animals
Silurian and Devonian 
· Very first algal cells become precursors to land plants
· Will be known as the age of fish, and age of plants
Ordovician survivors
· Trilobites mostly lost
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Silurian and Devonian
Start of photosynthesis on land
Start of the vertebrate body plan
At the end of Ordovician  large extinction
· 37-40% of families disappear
Ordovician survivors
· Cnidarian – corals
· Molluscs
· Shelled cephalopods
· Bivalves
· Gastropods
· Worms
· Echinoderms
· Arthropods
· Trilobites (some… some are disappearing)
· Marine forms (crustacea)
Gondwana shifting up towards the equator
Another land mass
Large shallow sea in between both continents
Ideal zone: tropical region
Climate is quite stable… a bit of drying out, but not a lot of temperature variation
Chordate ancestor
· Swims through water with mouth open
· Cartilaginous notochord that runs down its back that creates the waggling motion
· Water current into mouth  traps food in slits in the pharynx
· Invertebrate chordates
Vertebrate phylogeny
· Beginnings of vertebrae
· Hagfish + lamprey
· So modified for their existence that it’s impossible to tell if they had vertebrae to begin with, or they lost them
· We don’t know who sits at the bottom of the cladogram
Armoured fishes
· Bony plates that cover their body
· Waggling tail propels them
· Dominant fish body plan
· Ostracoderms
· Propels itself forward, mouth open, water propelled into the mouth, food particles filtered out, water comes out gills
· Mouth permanently fixed open
· Jawless fishes = lampreys and hagfishes
· Mouth permanently open
· “agnathans” because mouth cannot close
· Eel-like animal that is a parasite
· Live as adults in the oceans
· Swim up into rivers/creeks, find gravel beds, mate, lay eggs, larvae hatch
· They then swim down into rivers, back into ocean, mature, etc.
· Reminiscent of salmon
· Ectoparasites = surface parasites
· Adult is an ectoparasite
· Latches onto organism and locks itself in place using teeth
· Uses tongue to scratch at and wound the skin
· It creates a wound that never heals  always oozing blood/pus
· Lamprey feeds on those liquids
Appearance of the jaw
Complete duplication of the genome (polyploidy event)
· This will happen twice
Evolution of the jaw
· If you swim with your mouth constantly open, you must constantly be in motion to aerate yourself, and also to feed
· If you stop moving, you stop oxygenating your blood and also eating
· Gill slits held open by gill arches
· Slowly develop musculature that allows compression and expansion
· Acts like a bellows
· These muscles go to the extreme near the mouth
· Ones in the front can open/close completely
· The fused at the midline
· This became the jaw
· Respiratory advantage, and feeding advantage
Genome duplication
· Invertebrate ancestor with ONE set of homeotic genes
· Gnathostomes (first JAWED organisms)  4 sets of homeotic genes
· Implies 2 duplications
· Increased the genetic programming capabilities 4-fold
· Each gene can specialize in more functions
· Genome will be duplicated again (now having 8 sets)
· Bony fishes have this
Chondrichtyes
· Sharks
· Autapomorphies:
· Cartilaginous skeleton (not bony)
· Body covered in a specific kind of scale
· Tail has a distinct shape (heterocercal)
· Morphology:
· Lateral fins/appendages (always a pair)
· Need fins to protect against pitch, roll, and yaw
· Cartilaginous skeleton
· Bony structures in the limb that help anchor to body wall
· Lateral undulations (tail waggles to swim)
· Top of the tail fin is larger than bottom (heterocercal)
· Drives the fish down into water if there is no other compensation
· Fins are positioned to make it rise though
· Remember: all these animals in the water are constantly battling gravity
· Need to generate lift
· Neutral buoyancy
· Cartilaginous bone as their skeletal system  part of the solution of approaching neutral buoyancy
· Liver produces oil  tissues rich in oil
· Combine these two, sharks can approach neutral buoyancy (not doing anything and staying in one place)
· The last bit is achieved by heterocercal tail
· Placoid scales
· Interaction between water and surface of scales slows movement
· Sharks give a solution to this
· Scales create little whirlpools of turbulence
· Turbulence reduces friction of laminar flow
· Anchored in epidermis
· Outer layer of dentin, pulpy core with a root (kind of like a tooth…)
· All over the surface of the shark
· The teeth are basically enlarged placoid scales that can hold onto prey
· Clamp down on prey
· But they can cut; they are just a holding structure
· So they clamp down and then wildly flail/spin such that limbs will fall off
· Then they go and swallow the fallen limb
· But their teeth often break off
· So they are often replacing their teeth (conveyor belt of teeth)
· Reproduction
· Until now most evolutionary strategies have been dumping eggs/sperm into environment and hoping that fertilization occurs
· Sharks have different strategy
· Female sharks only produce one egg every year or two
· Nourish it with lots of nutrients and put it in a case called mermaid’s purse
· Hide it within rocks/sediments of the ocean
· Inside purse  lots of nutrients for embryo
· When it hatches, a small miniature shark will be ready to feed
· So the purse spends a lot of time in that stage
· Huge amount of metabolic investment into a few individuals
· This is the downfall of the sharks – shark finning
Coming up next…
Development of bony skeleton
Improved feeding by embedding teeth into jaw (so no need to replace)
Improve aeration of gills
Swim bladder, or lung formed from the gut

Actinopterygii (bony fish)
· Fins supported with bony rays
· Modified jaw for a new way of feeding
Bony fish skeleton
· Lateral paired fins attached to the body near the front of their body
· They can use these with fine motions, no heterocercal tail needed
· This is reflected in the bones
· Bony fin rays
· Suction feeding
· Usually when you’re swimming, you pushing water away from you  hard to feed
· Need to overcome this
· Modified their jaw with extra bones  can be shot forward (video)
· Neutral buoyancy
· Swim bladder
· A bag of gas
· Go deeper in water  add water
· Shallower water  take gas out
· Blood vessels can release oxygen into the swim bladder, or pull it out
· It is simultaneous with the fish’s movement
· Operculum (opercular gills)
· Bony covering to the gills
· Can swing out + back
· A pump that moves water over the gills
· Now it’s not necessary to move to aerate gills
· Still producing young by the hundreds
Sarcopterygii
· Lungs
· Instead of little bones to hold up fins, there will be solid bones
· Muscles associated with bones to move limbs
· Fleshy, lobed fins
Evolution of the tetrapod stance
· Oceans will become oxygen-deprived
· This fish body plan allows them to walk along the bottom
· If they need to, they can stick head into the air, breathe air to fill lungs
· They eventually moved up onto land  gave terrestrial animals

Transitions to land (plants)
· On the edges of the oceans, there is a zone where algal cells appear on the ground that is moistened by waves, or where it is humid
· They form clusters, colonies
· Eventually develop differentiation
· Cells with different functions
· First multicellular land plants
· Going onto land is not an easy thing to do
· Main thing is water conservation – don’t dry out
· Need moist surface (for gas exchange) but minimize how much touches the air
· Need to protect gametes from drying out
· Need skeletal structures to hold you up
· Plants have to get on land first, animals need something to eat if they are to go to land
Transition of plants to land
· Green algae move up on land
· First: liverworts
· Plants are alternation of generation
Sorting out plants parts
· Sporophyte (spore plant) = 2n
· Have sporangia producing spores
· This is a germinating area for producing spores
· Results from a zygote (fusion of sperm and egg)
· Gametophyte (gamete plant) = n
· Have gametangia, producing gametes
· Antheridia = sperm producing
· Archegonia = egg producing
· Sporophyte makes spores which land on ground
· Turn into gametophytes
· Some become antheridia, some become archegonia
· Sperm must swim to egg, fertilize, zygote forms, becomes a sporophyte
Liverwort
· No seeds, pollen, leaves, vascular tissue, or anything
· Organism consists of clusters of cells that form leaf-like structures
· No vascular tissue
· So it’s referred to as a thallus
· Thallus will produce two structures
· Archegonia (umbrella like) with eggs inside
· Antheridium (disk like structure growing on a stalk)
· Sperm needs to get up under the umbrella of the archegonium
· This plant relies on rain drops to hit the surface of the antheridium, pick up sperm, splash up, and hit under the archegonium
· Zygote will undergo development, meiosis, spores released, and cycle repeats
· Some of the cells take up rainwater to swell up, then shoot sperm
· Asexual reproduction
· Cup like structures
· If rain splashes into them, they are carried away with water
· They generate a plant
· Rhizoids 
· They go underground and absorb water (like a root, but no vascular system)
· How does it survive on land?
· Waxy surface all over thallus so no evaporation
· Small little pores always open so gas exchange can occur
· But water can be lost through these pores
· So the next innovation will be stomata
Transition to land – water conservation
· Guard cells can open and close on either side of the pore
· Depending on whether gas exchange needs to occur
· First group to use this innovation is the mosses
Mosses
· Have sporophyte and gametophyte
· Coming to close association with each other
· Piece sticking up is the sporophyte
· It releases spores
· Lifecycle
· Cap opens up, spores released, 
· They are really light so they travel on wind (great way of distribution)
· Land on ground 
· Turn into vegetative structure – protonema
· Creates a bushy little thing that is a moss
· No vascular system
· Gametophyte plants make male/female gametes
· Antheridium + archegonium
· Relying on splash fertilization again
· The cup that has the antheridium splashes water to the archegonia
· When the egg is fertilized, the resulting sporophyte does not travel
· It grows right on top of the parent plant
Evolution of plant vascular tissue
· Cellulose walls of cells
· Gives rigidity to stand up
· Some cells become dedicated to transport
· Structural wall made of lignin develops also
Ferns
· Giant matured sporophyte
· On the bottom of a frond, you’ll see little brown dots
· Those are the spores being made
· Released into air
· Spores land on ground
· Build gametophyte (heart-shaped leaf like structure)
· Has antheridia and archegonia
· Water will cause splash fertilization
· Potential for splash fertilization
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Carboniferous and Permian
· Plants and animals moving into the terrestrial environment
Mesozoic = age of the reptiles
Cenozoic = diversification of mammals and birds
End of Devonian
· Mass extinction
· Seas and oceans become shallow
· Lose reef systems around the world
· Plants on land
· Break down and flushing of organic materials into the ocean
· The oceans become low in oxygen
· Greening of planet 
· Lots of organisms put under stress
· But mostly it’s just changing of shapes and forms of organisms that were already present
· Plants will not be hurt by mass extinction
Carboniferous refers to lots of plant material deposited on the land
Nothing was breaking down the plants
Lots of C was pulled out of air and fixed in plants
That’s where our coal comes from

Pangea being created… final assembly of pangea
There will be a tropical belt with lots of productivity
Plants really start to diversify 
The organisms were totally different
· Ferns and horsetails and stuff were meters high
Evolutionary trend in plant life cycles
· Trying to solve the issue of sperm transfer in a moist environment
· Incorporate the gametophyte inside the sporophyte
· Release male gametophytes into wind, hold onto female gametophyte
· Get it fertilized, seed produced right there (on the sporophyte)
· Development of vascular tissue
· Transport mechanism
· Plant cells were packed together with their cell walls touching
· They did have gap junctions – called plasmodesmata
· Development secondary cell wall made of lignin
Evolution of plant vascular tissue
· Tracheids
· A straw made of dead cell
· Connected at the ends with pores
· Completely hollow
· Completely lined with lignin
Lignin
· Hydrophobic because of aromatic groups
· This is important because water is going to travel through it
· Cohesive properties of water will pull it up the vessel
· Wouldn’t work if the polarity of the water interacted with the vessel
· Perfect capillary
· Indigestible
· Gives strength and structure and height
· Resistance to wilting
· Take a tree for example: trees have lignin on the inside (which is dead) and the living material grows on the outside
· No organisms can break it down at its first appearance
· Cellulose itself is difficult to digest
· Lignified cellulose could not be digested by anyone
· Eventually bacteria and fungi appeared that could break it down
· Toxic
· Lignin constantly leeches small amounts of soluble lignin
· It sterilizes the contents of the vessel
· So no kind of bacterial infection will plug the capillaries
Spores vs. seeds
· Homosporous 
· Sporangia  spores  bisexual gametophyte  sperm or eggs
· Heterosporous
· Microsporangia  microspores  male gametophyte  sperm
· Megasporangia  megaspores  female gametophyte  eggs
· Switch from homo to hetero sporous 
· Megasporangium will be larger because it is provisioned with nutrients
· Megaspore stays on parent plant
· Waits for fertilization
· Zygote will be the embryo in the seed that will be dispersed
· Seeds
· Nutrient-packed container
· Often waterproofed and protected
· Embryo = sporophyte
Gymnosperms life cycle
· Conifers
· Start with diploid plant
· There are cones on it
· Male cones are near the bottom, females are near the top
· Inside the male, there is a sporangium
· Produces microspores
· Undergo meiosis, produce 4 cells
· 2 cells used to make a casing for the other two, often with little wings (helps disperse in air)
· Of the other 2, one is the germ cell
· The other 1 will assist in getting to the female germ cell
· Inside the female
· Undergoes meisosis
· One cell is retained, the other 3 (polar bodies) are lost
· Megaspore waiting for pollen grain to land on its surface
· One of the pollen’s nuclei undergoes mitotic division
· It digs a path
· The other also undergoes mitotic division
· This one follows the other
· Now fertilization occurs
· Back to sporophyte stage
· Female gametophyte stayed on plant and waited for male to fly to t
· The tissues that surround the zygote provide protection, waterproofing
· It matures
· When the cone is matured, the spikes will open up and you can shake the seeds out
· Why is the male at the bottom?
· Less likely that self-fertilization will occur
· Although keep in mind that plants can self-fertilize, it’s not a big issue for them
Fungi
· They don’t fossilize well so we don’t know when they appeared
Unique fungal terms
· Saprophytic heterotrophs
· Very large surface to volume ratio
· Septa, hypha, and mycelia
More fungal terms
· They’re haplontic so we need to make some terms to describe them
· When they mate, and two different cells meet up from two different organisms
· Dissolve septa wall between them
· Spend a whole bunch of their life without fusing the nuclei
· Fusion of cell contents, but NOT fusion of the nuclei
· Plasmogamy = dikaryote cells = n+n (not 2n)
· Eventually the two cells will fuse completely and become diploid (2n)
· So there are two events: fusion of cells = plasmogamy = n+n
· Then karyogamy = fusing of nuclei = 2n
Typical fungal life cycle
· Fungus grows, creates more haploid cells
· Meets up with another fungus
· End up with cells that have n+n condition (two nuclei)
· And then the new fungus will grow in this condition!
· But then a trigger will occur, karyogamy results
· So the nuclei fuse
· Get a diploid cell
· Then meiosis will give 4 products – haploid spores
· Blow on the wind, undergo divisions, make new mycelia
Basidiomycota life cycle
· Mycelia in the ground
· Two different organisms meet and fuse
· Dikaryotic condition
· Continues to grow
· When the season and conditions are correct, they will pop out of the ground
· What happens is that the dikaryotic mycelia are wound into a secondary structure 
· It is a collapsed mushroom
· All the surface area absorbs water and they swell
· Under the gills is where the nuclei fuse
· Make zygote which undergoes meiosis
· 4 little spores hanging down from the gills
· Released into the wind
Fungal mutualism
· Every plant has a mutual relationship with a fungus
· Plants need water
· Most of plant’s biomass comes from CO2
· It needs minerals from the soil
· Fungi can dissolve rock and turn it into a dissolved mineral form
· Ectomycorrhizal funi (EMF)
· Mineralizes fine little rocks
· Provide plant with those minerals
· Plant provides fungus with sugar
· Arbuscular mycorrhizal fungi (AMF)
· Fungi move inside and live inside a cell of the plant
· They can send mycelia to the outside to collect minerals
· So the plant is not only giving it sugars, but also protection/housing
· Plants probably came on land along with fungi
Lichens
· Green, dry, crusty things on rocks
· Association between fungus and green algae (sometimes cyanobacteria)
· Photobionts = photosynthetic cells
· Surrounded by hyphae of the lichen
· The fungal part that sits on the rock dissolves the minerals
· Photobiont does work to supply sugar
· Everything sits inside the protective casing of a lichen
· The entire system can shut down and go into dormancy
· Flood with water, and it comes back again
· Over hundreds of years, the fungal component dissolves the rock on which it sits
· It creates a trough underneath the lichen
· It’s possible that lichens came first when plants moved up on land

Then animals move up on land.
Arthropoda: insects specifically
Insect external anatomy
· Segmented body plan
· Tagmatization 
· Fuse segments together that are dedicated to certain body functions
· Head: food acquisition + sensory
· Mouthparts can vary a lot  lots of diversity
· Thorax = locomotory tagma
· Flight and walking
· Muscles associated with movement
· Abdomen
· Mostly reproduction (ovaries, etc.)
Insect movement: flight and wing folding mechanism
· Flying is useful because they can move to new habitats and colonize them
· Develop seasonality too – fly to certain locations at certain seasons
· Escape predators
· But the first insects (like dragonflies) could not fold their wings
· Wing folding is the next major innovation
· Ladybug video
· The folding mechanism means that they can burrow
· First burrowing insects
· Such a successful body plan that 75% of insects are beatles like this
· Only 4 groups on land will be able to fly: pterodactyls, insects, birds, and bats
Cuticle – exoskeleton
· Different from marine ones
· Divided skeleton in two: procuticle and epicuticle
· Procuticle = structure/strength
· Epicuticle = waterproofing and hardening
· Waxes
Insect tracheal system (for respiration)
· Openings called spiracles that lead to trachea lead to tracheoles
· Tracheoles get really small such that they meet with a mitochondrion
· To prevent water loss across all that surface area, there is a thin epicuticle layer over all of it
· Spiracle opens  gases diffuses really quickly all the way down to the mitochondrion
· Spiracle closes  gas exchange occurs, when concentrations of O2 get low enough the spiracle opens again
· So efficient that insects never go into anaerobic respiration
Insect reproduction
· Spermatophore = sperm package
· Goes into female, she stores it in the seminal receptacle
· She produces eggs, puts a waterproof shell on them
· It has an opening
· When egg passes in front of seminal receptacle, she will release a small quantity of sperm
· They will go through the little opening, like luke skywalker in the deathstar
· Egg is fertilized
· Waterproofed egg, waterproofed sperm package
· Honey bee example
· Queen bee mates with every male and lives for a very long time
· Produces over 100,000 eggs
· Keeps sperm alive for very long time, uses sperm efficiently
Insect metamorphosis
· Incomplete metamorphosis
· Adults look very similar to young
· Cockroaches and such
· Complete metamorphosis
· When the larva go into the pupal stage, the organism dissolves
· All structures disappear
· There had been little dormant cells in the larvae
· They are rebuilt inside the casing
· The larva is the growing, feeding machine
· The adult results after the pupal stage
· Ametabolous
· They just keep moulting and growing
· Wingless insects

Next group that comes up on land

Devonian
· Really warm
· Lobe-finned fishes used limbs to move up on land
· Come from sarcopterygii
Amphibia
· Walking tetrapods
· Lizard-like when they come out of the oceans
· The ones we see today are just remnants of the amphibian diversity that occurred back then
· Impossible to look at modern ones and understand what early ones were like
· But a few things we know for sure
· Buccal force respiration
· No ribs, no way of expanding lungs with muscle
· Take a mouthful of air and swallow and push it into lungs
Amphibian skin
· They did not waterproof their skin, so they breathed through it
· It is glandular
· Mucous glands keep it wet so that gas exchange can occur
· No scales, but must protect against predation
· So they use poisons
· Amphibians failed to waterproof skin
· They did not solve the issue of moving up on land
· They have to live in moist environments
· Why didn’t they solve the problem?
· At the end of the Devonian, they started to move up on land, but then in the carboniferous, the world was moist and damp
· So they stopped changing and adapting to a terrestrial environment
· They take advantage of all the insects by trapping them for food
· Insectivores
· Unique tongue  sticky and long
· No specialized jaw and no teeth
Amphibian locomotion
· Pectoral and pelvic girdles stick the limbs out to the side
· They need to do a pushup to move themselves off the ground, then they can walk
Amphibian life cycle
· They have to return to water to lay eggs
· They have a metamorphosis
· Tadpole to frog
· Comes up on land
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Tetrapoda
· Forelimbs and hindlimbs
· Evolved from lobe-finned fishes that were capable of lifting head out of water and breathing

Amniota
· Appearance of the amniote egg at the end of the Permian
· Waterproof skin achieved by putting keratin on the skin  keratinized skin
· Amniote egg
· Embryo bathed in amniotic fluid – mimics the marine environment
· Attached to it are membranes that contain yolk and stuff
· Allantois membrane associated with removing waste
End of Permian  largest extinction
· Lose close to 95% of the biodiversity in the oceans
· Arrest the diversity occurring on land
· Slow everything down
Types of extinction
· Mass extinctions
· Not counted according to species
· Go one or two taxonomic levels up
· Count how many genera of animals (or maybe even family)
· Background extinctions
· There are always animals that are disappearing
· Anagenesis
· Replace one animal form with another
· Cladogenesis
· Divergence into two different forms
· Mass extinctions are major events, yes, but there are always lower levels of extinction occurring
Causes of mass extinction
· Asteroid impacts
· 50 million years ago an asteroid hit and caused cooling of the planet
· 5th major extinction
· But when they go back and compare carbon dating of extinctions and asteroids, asteroids didn’t cause it
· Changes in carbon dioxide levels
· Volcanic eruptions caused increase in CO2
· Flood basalts
· there are hotspots in the molten core of the earth
· when continents sit over them, hot magma can melt through
· example: south America was connected to Africa and they sat on top of one
· the magma tore them apart
· huge masses of magma come pouring through
· greenhouse gases
· Marine anoxia
· Deep in the oceans, archeans (methanogens) make methane
· They’ve been doing it for a very long time
· Water pressure compresses the methane  frozen methane gas
· Gas hydrates
· Water pressure changes and there’s a burst of gaseous methane into atmostphere
· Sea level changes
· Changes in glaciers changed sea level and led to methane being released
What really caused the mass extinctions?
A perfect storm of all these things.

This pushes us into the Mesozoic
· Pangea is now formed
· Supercontinent that goes from north to south pole
· Shallow sea, continental shelves
· Plants and animals diversify
· Mass extinction at the end of the Jurassic
· Continents start to pull apart
· This is when isolations occurred to create more diversity
· After the Permian, all the fish were wipe out
· There were still fish in lakes and rivers (freshwater), but not the ocean
· They reinvade the oceans
· Cartilaginous fish and bony fish come back
· Bony fish become predators
· Cephalopods lose their shells
Reptilia (diapsida)
· Beta keratin in scales and feathers
Oviparous reproduction
· No predators so nobody to steal their eggs
Keratinized skin
· Regions of heavy keratinization (scales)
· Regions of thin keratinization (flexible areas between scales)
· Jaw much more powerful
Major reptile groups
· Anapsids
· These are really just diapsids that closed the openings up
· Turtles
· Their entire body is fused bone
· They use a keratinized beak for eating, got rid of teeth
· No need for powerful jaw muscles
· Can escape predators with this shell
· Diapsids 
· Two openings by which the tendons go down to attach to the jaw to move it
· These openings are temporal fenestrae
· Reptiles are diapsids
· Synapsids
· One opening
· Modern mammals
Diapsids
· Extinct
· Dinosaurs and pterosaurs
· Extant
· Snakes, crocodiles, lizards, birds
Extinct diapsids
· Saurischia
· Large dinosaurs
· Adjusted position of pectoral girdle so that it doesn’t compress the ribcage
· Bipedalism also arises
· Ornithischia
· Developed bipedalism in a different way
· Pterosaurs
· Flying
· They’re actually quadrupeds
· The webbing of the wing is an extension of their little finger, attached to their back leg
Snakes
· Said goodbye to legs
· They were burrowers
· Cannot use its limbs to manipulate food
· Two strategies:
· Venom
· Constriction (asphyxiation)
· Swallow food whole
· Snake’s jaw
· Can open very wide
Crocodiles crushing jaws
· They can crush food into pieces
· Or thrash and roll like sharks
· Homodont dentition = all teeth are the same
Synapsid reptiles
Reptiles – therapsids
· Warm blooded
· Nocturnal
· Glandular skin
· Specialized teeth and chewed their food

Angiosperm life cycle
· Microsporangium
· Creates multitudes of little spores
· Some dedicated to making the casing
· One will be the digging one
· One will be the fertilizing one
· Anthers lift the pollen up and away
· Megasporangium produces megaspores
· 2n  n 
· Then it divides until there are 8 nuclei (all haploid) in the megaspore
· Four at each pole
· One from each pole meets up in the centre, another one is kept, all others are lost
· So 5 lost, 3 left
Insect plant coevolution
· Bees
· Butterflies

Cenozoic
· We’re now on the top floor of the building
· Meteorite hits the planet
· End cretaceous extinction
· Spews out a bunch minerals
Dinosaurs disappeared because they destroyed the trophic levels underneath them – so when there was a small perturbation in the climate (cooling caused by the meteorite), everything collapsed and the dinosaurs died.

Two groups came of all this
The ability to keep their bodies warm
Birds and mammals

Feather structure
· Allows them to have a large body surface while being light
· Large surface area of wings that allows for lift
· Beta keratinized structure (since it’s a repitel)
· Feather made of dried keratin
· Birds have an oil gland in their tail that keeps them from becoming brittle
· Two theories of how flight evolved:
· Ground-up theory
· Sweeping feeding motion and accidentally ends up flying
· Tree-down hypothesis
· Glides down from tree with mouth open and traps food
Flight adaptations in the skeleton
· Muscles need to be beneath your centre of gravity, pushing you up; not above your centre, pulling you up
· That’s why a breastbone developed
· That’s where all the muscles for flight are attached
· One of the muscles comes underneath the bone and stretches to either side
· Instead of two muscles on either side
· Bones are not solid bone; they have pockets
Feeding
· Jaw with a beak
Parental care

Mammalia (synapsidia)
· Diapsid skull
· Glandular skin with alpha-keratin
· Mammalian integument
· Hair needs to be maintained
· Sebaceous gland constantly produces oil which wicks up the hair
· Also a muscle that raises and lowers hair to change insulating capacity
· Sweat glands (apocrine)
· Lactation
· Heterodont deciduous dentition
· Various types of teeth
· Increase surface area of food by ripping it apart
· ‘deciduous’ because they fall out
Mammalian reproduction
· 

















Notes about Fungi

Two types (widely):
· Saprotrophs (obtain carbon from dead material)
· Symbiont (obtain carbon from another living organism)
They can engage in a symbiotic relationship, which can range from parasitism, to mutualism.
Regardless of all this, they obtain food via absorption; the secrete enzymes into their environment and then absorb the digested material.
They need to spread rather quickly so that they do not deplete all the nutrients in any given place, so they spread via hyphae.  Hyphae are fine filaments that spread throughout the environment, and when a network of them is created, it is called a mycelium.  These webs are just made of cells with a cell wall around them, which is made of chitin.
Septa separate the hyphae into compartments.  Septa are like fences/walls. 


















