Phanerozoic-Paleozoic
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· Cambrian Explosion: Large explosion of animal diversity; almost all animal phyla appear in this time
· Silurian-Carboniferious: Photosynthetic organisms move up on land
· Multicellular organisms form on edges of marine and freshwater environments (moist; don’t dry out)
· Plants diversify and spread across the plant; animals soon follow b/c now there is something to eat
· Carboniferous: Nothing to breakdown plants -fixed carbon fossilizes into coal deposits 
· Permian: Paleozoic ends with mass extinction
· Around 95% of marine diversity disappears 
· Laurentia: On equator; surrounded by continentals shelf (shallow waters) light penetrates really well, warm water
· Becomes North America
· First animals make their appearance
· B/c there was lack of O2 dead organisms would not decompose in ocean crevices
· Build-up of sedimentary rock (shales) on top of dead organisms, fossilize
· (Burgess) Shales were thrust up on Yoho mountains; snapshot of life during that period
· Found the missing links to evolution as well as animals that no longer exist today
· Cambrian Explosion thought to have occurred b/c it was the first time large predators had evolved, thus setting off an evolutionary arms race
· Anomalocaris: Earth’s first large predator
· Aquatic, claws, teeth, plates, around 1 metre long
· Mantis Shrimps: modern day relative to anomalocaris: large, good vision, fast
· Northern China: Found organisms similar to the Burgess shales
· Choanocytes: cell type common to all animals, unikont
· Cell body, microvilli, flagellum, ancestor to unikonts
· Usually found in colonies, pump water and catch food
· Base organism of fungi, animals in phylogenetic evolutionary tree
· Animalia Autapomorphies: Ingestive heterotrophs, multicellular eukaryotes, choanocytes, collagen (protein glue used to hold cells together), cells with different functions
· Tissues: cell-to-cell communication
· Diploblastic: endoderm, ectoderm
· Triploblastic: endoderm, ectoderm, mesoderm
· Symmetry: radial (can be cut anywhere and still look the same), bilateral (can only be cut down one axis)
· Embryology: protostome and deuterostome
· Body Cavities: Coelomate, pseudocoelomate, acoelomate
· Porifera (sponges): Multicellular, no communication mechanism; stuck together with collagen (no tissues)
· Have choanocytes: Arranged in way where the sponge has a cavity surrounded by membrane (spongocoel), lined with choanocytes
· Choanocytes beat and move water out of the cavity, as this occurs water is being pulled in from pores outside wall of sponge
· Traps food particles on microvilli on choanocytes
· Pinacoderm: Cells that line outside membrane of sponge (pinacocytes)
· Spicules: Skeletal support elements between the two layers, sharp needles
· Choanocytes trap food, puts it in food vacuole and passes food vacuole to amoebocyte which will carry food to other cells
· Totipotent cells: Cells that can turn into any other cells (i.e. choanocytes can turn into amoebocytes), unlocked, no cell commitment 
· Ex. Two different sponges mixed together will re-differentiate
· Sponged sex cycle: Choanocytes can become sperm; archeocytes (amoebocyte, sponge stem cells) form egg. Sperm released into water, reach other sponges which recognize its own species. Transferred to egg amoebocyte. Other sperm consumed as food
· Sponges are asymmetric b/c no mouth
· Animal innovations (sympleisiomorphies): Gap (septate) junctions and loss of choanocyte, true tissues with all components
· Cell communication: Gap junctions with connexion which open and close and regulate communication between cells
· Mesoderm: Forms muscle in animals, ectoderm: outer epithelium, nerve cells endoderm: material that lines the gut
· Gastrulation: Blastula is punched in, forms 2 epithelial layers. Inner layer in endoderm; outer layer is ectoderm
· Blastopore: New pore formed from gastrulation
· Cnidaria (autapomorphies): Cnidocytes, polyp body plan, epitheliomusculature, tissues
· Cnidocytes: Cell which contains nematocyst: spring-like structure which is shot out after cnidocil (trigger mechanism) hair on top is touched; nematocyst penetrates prey, usually has poison on tip. 
· Jellyfish: Cnidocytes cause stinging (ex. Box jellyfish: 1 or 2 stings can kill a person. One sting causes other box jellyfish to swarm)
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· Cnidaira: Outer epithelial cells carry out muscular functions, inner epithelial cells are digestive
· Polyp Body Plan: U-shaped structure surrounded by tentacles at oral opening; no anal opening; miniature derived blastula
· Cells lining the gastrovascular cavity (gastrodermis): nutritive cells (absorping food phagocytosis), gland cells (dumps digestive enzymes in gut)
· When polyp feeds, waves tentacles and traps prey in gut, then breaks down food
· Epidermis: Epidermal cells (outer surface), cnidocytes, nerve cells
· Epithelial muscular cells: Base of gastrodermis cells have muscle strands which run circular around the gut; there are also longitudinal cells which have muscle strands that run vertically (*not muscle, muscle strands inside the epithelial cells)
· First type of skeleton
· Skeleton: Primary role is to stretch contracted muscles. Myosin motors have no way to get back to original location, antagonistic muscle resets myosin molecule to original position when it contracts. Must stretch fibre back to original length for it to function
· Hydrostatic skeleton: based on water fluid. When longitudinal muscle strands stretch, circular fibres reset. When circular fibres stretch, longitudinal muscles reset.
· Pedal disk (base): Cnidaria can move by firing cnidocytes and anchor itself on the substrate, disk moves
· Medusa: Flipped polyp with shape change to umbrella-like, can now swim
· The mesoglea (top head) is thicker, elastic. Muscle contractions jet out water, propels the organism forward. When muscles relax, medusa pops back into original shape (like a spring; don’t always need antagonistic muscle); still considered a hydrostatic skeleton
· Relaxing –big opening in shelf/umbrella (less force), contraction –small opening in shelf/umbrella (more force); results in net upwards movement, when it floats back down it catches food on the tentacles
· Life Cycle: Male/female medusa release sperm/eggs, fertilization, zygote, mitosis, planula larva, developing polyp, branching polyp (in colony), gonozoid (sex polyp)/ gastrozooid (feeding polyp)
· Planula Larva: Moves in one direction, crawls across substrate (bilateral symmetry)
· Radial symmetry comes later
· Coral: Colony of polyps. Polyps extract minerals out of water to make cup-structure, sticks tentacles out to feed, if predator comes along then polyp retracts into cup, sit inside coral
· Coral reefs: Exist in tropical zones, creates high modification of aquatic environments, warm and well-lit
· Most biodiverse habitats equivalent to the rain forest
· Green algae and coral: Symbiotic relationship: Algae offers food, coral offers sunny protected environment
· Warming of oceans are killing algae, results in coral bleaching, coral dies
· Mesoderm: Muscles which allows for directional movement in animals
· 4-cell stage: Splits into 8 cell stage which can either be spiral (bilateral) or radial cleavage (ENTIRE ANIMAL WORLD CAN BE DIVIDED INTO THESE 2 CATEGORIES)
· Mesoderm: Comes in 2 different ways in animals
· Schizocoel: At lip of blastopore, new mesoderm cells form, proliferates from both sides and fills cavity (schizocoel) between endoderm and ectoderm (schizo means split)
· Enterocoel: Part of gut (archenteron) starts to proliferate and cuts off as hollow ball of tissue. Hollow ball is built up and fills cavity between endoderm and ectoderm. SAME result as schizocoel (entero means primitive gut)
· Coelom: Cavity of mesoderm
· Anus in triploblasts: As the archenteron (gut) develops a hole in punched through the gut and outer membrane which forms an anus. 
· Incomplete gut: Need to remove food to ingest new food
· Complete gut with anus: Can now digest new food without having to expel old food
· Protosomes: Blastopore becomes mouth (disregard other 2 factors)
· Deuterostomes: Blastopore becomes anus
· Body Cavities: 
· Acoelomate: No cavity at all, solid block of mesoderm
· Pseudocoelomate: Only mesoderm on outer body wall, not in gut. Has to move entire body to move food through digestive tract.
· Coelomate: Mesoderm lines the gut and outer wall. Mesentery: tissue which holds and anchors body organs in place 
· Acoelomate is the most derived group, evolved to not need coelom
· Pseudocoelomate: complex organisms have become miniaturized and simplified (i.e. several muscle layers become one layer)
· Therefore, coelomate organisms are ancestral
· Three main protostome groups: Ecdysozoa, Lophotrochozoa, Platyzoa
· Ecdysozoa: Exoskeleton (cuticle), 
· Lophotrochozoa:
· Platyzoa:
· Nematodes: Triploblastic, bilaterally symmetric, protosome, pseudocoelomate
· Muscles have cytoplasmic arms which reach out to nerve cords
· Only have longitudinal muscles which contract the entire body, results in weird squirming motion
· Not designed for swimming, designed to move/squeeze through substrate
· Most abundant animal form on the face of the planet
· In order to maintain cuticle as a tough rigid surface, nematodes constantly contracting muscles (constant pressure on hydrostatic skeleton). Feeding problem: this would shoot out food of digestive system –need unique pharynx.
· Pharynx: Two rings of epithelial muscles which open alternatively.
· Epithelial muscular pharynx is an autapomorphy
· Triradiate pharynx: is most efficient way to create an opening (3 pieces)
· Miniturization: Rather than having epithelial and muscle cells, solves problem of missing mesoderm in the gut by combining the two cells together and reinventing the original epithelial cell in diploblasts
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· Nematods: Collagen cuticle without microvilli, longitudinal but no circular muscles, epitheliomuscular pharynx (symplesiomorhphies)
· Panarthropoda autapomorphies: Cuticle with chitin, food manipulated by limbs
· Appendages: Collect and prepare food into a preferred state before ingestion 

· Ecdysozoa:
· Velvet Worms (Onychophora): 
· Oral papillae with slime glands
· Cuticle reinforced with chitin but is still flexible and rubbery (use hydrostatic skeletons as a result)
· Muscles are in layers/sheets
· Limbs are miniature hydrostatic skeletons (unarticulated limbs)
· Unarticulated limbs: Allow movement across substrate by degree of muscle contractions in legs
· Segmentation: Repeating patterns of units down length of body
· Antenna, jaw, claws, oral papilla (bumps on side of head associated with food acquisition) –all appendages
· Living fossil, fossils like this exist in the Burgess Shales except the organisms are marine
· Due to its minimal change in appearance  over time, this organism became evidence for continental drift (i.e. was found in separate continents) 
· Captures prey by squirting glue and immobilizing it
· Arthropoda (ecdysozoa)
· Autapomorhpies:
· Articulated exoskeleton of plates (cuticle becomes solid plates)
· Flexible cuticle membrane inbetween plates which allow for movement
· Limbs are cylinders of exoskeleton (of cuticle) which move from 2 hinge points, cylinders move relative to each other; can only move in one direction
· Muscles arranged in bands
· Compound eye
· No hydrostatic skeleton
· Muscle fibres straddle hinge for movement
· Trilobites: 
· Present in the Cambrian, extremely diverse group of organisms (big, small, etc…)
· Disappear during mass extinctions
· Crustacea: Have taken over many of trilobites’ functions
· Have segementation with associated limbs/appendages; appendages have been modified for specialization
· Antenna: appendages modified for collecting sensory information
· Mouthparts: appendages that manipulate food 
· Walking legs: walking across substrate
· Cheliped: defensive appendage
· Swimming legs: swimming, females use  these to create water currents for egg incubation
· Tagma: Specialized grouping of multiple fused segments which perform a specific function; are morphologically different
· Filter Feeding:
· Original crustacean had appendages down length which were similar in appearance
· Movement: Important for locomotion
· 2 flaps articulated around a central point which opened up during the power stroke and closed during the recovery stroke
· Flaps along length do not all beat at the same time (metachronal wave) which results in a gliding motion
· Series of boxes opening (filling with water) and closing (squirting out water); results in propulsion
· On inside, flaps have overlapping surface (have cuticular hairs which create a mesh). Water must pass through this mesh which results in a unidirectional pumping motion; water flows down middle of cavity and is squirted out of both sides (forward motion)
· Feeding: While this pumping mechanism occurs, algae and other organic material are being collected and brought forward towards the mouth (recovery stroke)
· First animal in marine environment which is not passively sitting by; can move and capture food
· Phytoplankton, Zooplankton: Primary producers; set up base of food chain

· Lophotrochozoa:
· Either presence of a U-shaped gut and lophophore
OR
· Trochophore larval stage
· Lophophorates
· Have become sessile organisms
· Lophophore
· U-shaped gut
· Ex. Bryozoans
· Sessile, fleshy
· Reef-builders: extract calcium from water and build a protective case
· Convergent evolution with coral
· Ring of ciliated tentacles
· During feeding, tentacles spread and cilia create a water current which trap food and carry it down towards the mouth
· Anus is positioned outside of lophophore; this allows water current to carry out wastes and fecal material from the organism without contamination
· Retracts in protective case when predators arrive
· Trochozoa: Trochophore larval stage
· Ciliary band around middle of larvae
· Beating of cilia traps found and puts it into mouth
· Also propels animal through water
· Spinning top: two puffs of cilia on top and bottom keep it upright
· Turns into annelids or molluscs

· Mollusca
· Radula (feeding structure)
· Dorsal mantle
· Shell
· Ventral ciliated muscular foot
· Retractor muscles
· Mantle is the layer of epithelium which secretes the shell (layer of cells which mineralize calcium in water)
· Retractor muscles allow mollusc to pull shell down and hide from predators
· Radula: On surface of tongue there is a layer of barbed radular surface
· Radular surface slides back and forth to grind organic material –eats sanded material (unique feeding structure)
· Opening to cavity where gills are located to allow respiration when the shell is retracted 
· Beating of cilia cause water circulation
· Foot: Allows for movement across substrate, even when shell is pulled down; can allow use radula for feeding
· Adaptive Radiation: Large diversification of species due to selective pressures
· Snails: 
· Have piece of shell on back foot which seals shell (like a trapdoor)
· Allows for dormancy in harsh environmental conditions
· Protection against predators
· Squids and Octopods (Cephalopods)
· Active Predators
· To enlarge body: Elongated mantle and shell (conical) 
· Head and foot moved close together
· Foot modifies to become tentacles
· Swimming: Water is pumped into mantle cavity and then shot out for propulsion
· As organisms get bigger and bigger, shells become wrapped:
· Ammonites
· Extremely abundant
· Large, protected predators
· Part of demise of trilobites
· Visual organisms
· Permian Period
· Mass extinction of first vertebrate fish
· Later on replaced by fresh-water fish, including predatory fish
· Predatory fish are much more agile swimmers, sets ammonites at disadvantage (much slow)
· Adaptation: Shell becomes lighter and lighter until it disappears
· Ex Squid: Cephalopod made up of mostly muscle tissue; just as agile and fast as fish (guarantees organism’s success )
· Clam
· Takes mollusc body structure –becomes sessile
· Entire organism becomes wrapped in shell 
· Burrows into substrate and pumps water into mantle cavity
· Shell has two openings to pump water in and out (bivalves)
· Cilia beating causes water circulation
· Filter Feeder: Food in water becomes trapped and is ingested 

· Annelids: Marine Worms (trochozoa)
· Extreme segmentation: Each segment is its own hydrostatic skeleton with mesodermal tissue with longitudinal and circular muscle 
· Metamirism: Linear series of similar body segments (metameres) which may have specialized functions
· Setae:  Chitinous hairs formed from beta-chitin
· Each metamere has 4 bundles of setae
· *Side note: In animals, Circular muscle is always on the outside; longitudinal muscle is always on the inside
· Contraction of these muscles allows organisms to change shape
· Longitudinal muscle contractions increase the diameter of the worm
· Setae stick out and poke into ground to anchor substrate
· Circular muscle contractions cause setae to retract
· Causes front end of organism to move forward
· Results in accordion-like movement across substrate
· Use this force to burrow head into substrate
· Substrate is rammed into mouth of worm; processed down linear body
· Organic material in substrate was untapped at this point in time; no other organism did this
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· Platyzoa (autapomorphies)
· Loss of coelom (acoelomate)
· Acoelomate or pseudocoelom
· Loss of metanephridia and circulatory system (don’t need to know this)
· Platyzoa: Platyhelminthes
· Incomplete gut (only one opening)
· Complex reproductive system associated with hermaphrodism
· Flattened organisms
· Acoemomate: Flat worms
· Still have circular and longitudinal muscles for motion, but mesoderm in-between is spongy (compressible)
· Keeps flat using dorsal ventral muscles to counteract circular/longitudinal muscles
· Glue themselves to substrate (very flat, hard for predators to remove)
· Alternate Protection: Feed on cnidarians in marine environment
· When consumed the cnidocytes from the cnidarian don’t fire
· Flat worms use unfired cnidocytes for protection, spread them in their own epidermal surface
· Muscles and glue account for unique motion
· Underside is covered in cilia: propulsion/gliding in water or on substrate
· Has a pharynx underneath the body which can be extended to collect food; much more agile
· Hermaphrodites: Both sex organs present (also in snails and earth worms)
· Advantage: When 2 individuals mate, both individuals will produce offspring (doubling number of fertilized individuals)
· Need a mechanism to prevent self-fertilization:
· Sperm is stored in seminal vesicles of each flat worms; sperm is directly transferred to seminal receptacle of other flat worm
· Almost all flat worms are parasitic –uses glue to lodge itself in place in host
· Ex. Fluke (See slide 84)
· Always has snail as one of its (numerous) hosts (old relationship
· Eggs released from liver of snail, hatch as miracidium
· When miracidium (swimming, ciliated) infects host snail, undergoes series of morphological changes to become sporocyst, then redia (bump up numbers)
· One miracidium becomes one sporocyst which produces a several redia which burst out
· Redia turns in to Cercaria (swimming) which will infect an invertebrate host (i.e. human) or intermediate host (i.e. fish)
· Can be transferred to humans if fish is not cooked properly
· Parasites are very specific –only infect certain species of snails, fish, other hosts
· Swimmer’s itch: Cercaria looking for duck legs to infect ducks; cercaria attempts to break through your skin but it can’t –results in rash
· Deuterostomes (autapomorphies)
· Blastopore becomes anus
· Echinoderms (includes starfish)
· Left behind bilateral symmetry for radial symmetry: pentaradial symmetry
· Special connective tissue
· Have calcareous plates (i.e. bones) in endoskeletion which articulate which eachother
· Glue that holds it together has a special nervous system –can turn connective tissue into fluid (angile plates) or solid state (locked plates)
· Can be used to hide in cracks from predators
· Larval stage discards bilateral symmetry for pentaradial symmetry
· First echinoderms were sessile in oceans:
· Previously had arms/tentacles which would create a water column; food would fall into basket arms and be pushed by tube feet directing it into mouth
· Flipped upside down: Feet flip to allow for movement across substrate
· Water vascular system used in locomotion: (see slide 89)
· Water enters madreporite (external opening) and enters series of canals towards tube feet (each tube foot has a foot and an ampulla)
· Each tube feet is a hydrostatic skeleton; When ampulla and tube foot muscles contract at the same time it moves the foot in one direction
· Facilitated by suction cups attached to tube feet, levering the starfish along substrate
· Starfish: Predators –feed on clams by wrapping them with tube feet, opens mouth of clam and locks its own tissue, it then releases digestive enzymes and ingests clam
· Other prey include cnidarians: polyps, corals
· Protozoic: 650 Ma
· Snowball earth (Cryogenian period)
· Large landmass (rock) located around the equator (tropics); no life
· Subjected to erosion from rains
· Calcium and silica erode into oceans
· Calcium bonds with carbonate; steals CO2 from air and ocean to create sediments
· CO2 levels in atmosphere fall drastically
· Methane disappears –even better greenhouse gas
· Reduced Greenhouse effect: results in temperature decrease, insulative blanket disappears
· On top of that, snow on the ground radiates heat back into space which perpetuates the decrease in temperature
· Ice masses grow on north and south poles, eventually become so large that the chilling of the planet cannot be stopped –entire planet is covered in snow/ice (end of proterozoic)
· Stops development of life (mostly single celled life at that time)
· When snow and ice finally melt (heat from volcanic activity), the perfect environment for the development of life is created
· Results in Cambrian explosion
· Doushanto fossils (590-565Ma):
· Resemble embryos of multicellular organisms –infers multicellular organisms 100Ma prior to the Cambrian and after snowball earth (existence during snowball earth is unknown)
· Ediacaran fossils (580-542Ma):
· Still prior to Cambrian; display diverse multicellular life forms
· Fractile organisms: branch structure with smaller branches with smaller branches etc… repeating pattern
· Ediacaran Benthic zone: Ground is a thick, impenetrable mat

· Cambrian: 
· Lots of burrowing organisms (ex. Worms) which take advantage of food no one else has access to, leads to diversification of burrowing forms
· Organisms can also anchor themselves in sediments; protected against currents and anything else that might dislodge them
· Cambrian explosion explanation: Shelled arms race resulting in larger predators needed to smash said shells and gain access to prey; diversity from snowball earth; developmental hox genes; burrowing diversification


· Homeotic genes: control pattern
· Cambrian organisms are largely bilateral (different regions of body perform different functions) in contrast to previous fractile organisms
· When an egg is provisioned there are transcription factors which regulate gene expression
· Transcription factors are produced at one end and diffuse across embryo
· Different posterior and anterior transcription factor gradients in different cells throughout the embryo determine the cell’s function
· Homeotic genes: Allows undifferentiated cells to turn on certain genes to perform specific functions
· Once signal is received in cell, the cell cannot revert to its original state
· Hox Genes: present in all organisms (all homologous, highly conserved)
· Homeotic genes made appearance in Cambrian (responsible for diversification into legs, arms, etc… from fractile organisms
· Go from fractile organisms to multicellularity regulated by a universal gene system

· End of Ordovician: Mass extinction (one of 5)
· Likely due to the impact of loss of greenhouse gases; drop of water levels; ice formation
· Survivors: Cnidaria, mollusc, worms, echinoderms, bryozoan, arthropods
· Silruian (425Ma)
· Ocean between Gondwana and Lauratian plate (before they combine to form pangea) has large amount of continental shelf; great for diversity
· Animal innovations (Sympleisiomorhphies): chordates
· Open mouth
· Pharyngeal gill slits, dorsal hollow nerve cord
· Endostyle, pots-anal tail and tadpole, swimming
· Fish: Swimming using tail with mouth open, water enters the mouth and exits through the gill which has a mucus layer to trap food
· Armoured fishes:
· Placoderms, Ostracoderm 
· Swim with mouth open and are heavily armoured (plates, not scales); jawless fish (agnatha)
· Only surviving agnatha group today: Includes lamprey and hagfish
· Lamprey: Parasitic fish
· Latches onto prey with suction rim and mouth
· Mouth rasps away at tissue of host organism for food
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· Chordates (symplesiomorphies)
· Pharyngeal gill slits
· Dorasal hollow nerve cord
· Endostyle
· Post-anal tail and tadpole swimming
· Gnathostomata (autapomorphies)
· Development of jaw
· Paired fins –head doesn’t have to move when swimming to counteract tail
· Coupled with a dorsal fin on top
· Genome duplication
· Jaw
· Origins:
· Over time muscles in mouth change which is accommodated by the give from the joints of the gill arches (hold gill slits open)
· All gill arches give/bend; 2 gill arches at the front of the mouth completely bend and fold on themselves; they become the jaw
· Jaw allows for containment of food, more efficient feeding
· Also allows for the pumping of water into the mouth –no longer need to be constantly moving to circulate water for respiration
· Gnathostomes: Jaw occurs once and everyone inherits it
· Amphixious (primitive chordate): 1 set of genes
· Gnathostomes: 2 rounds of polyploidy (total of 4 gene sets); ex. Mouse
· Allow for backup gene copies in case of deleterious mutation
· Tremendous genetic variability from gene duplication
· Results in diverse morphological types: All vertebrates: sharks, humans, etc…
· 3 rounds of duplication (total of 8 gene sets) : Bony fish, zebra fish, etc… -most diverse organisms on the planet
· Chondrichthyes (autapomorhpies)
· Unique cartilaginous skeleton
· Placoid scales
· Heterocercal tail
· Bigger on top than bottom: creates lift when swimming
· Balanced by pectoral and pelvic fins
· Unique upper jaw bone


· Paired fins bones are not connected to axial skeleton
· Held in place by body wall/tissue (embedded)
· Cannot break or come to a complete stop
· Placoid scales
· w/o scales, smooth surface creates drag with water
· Scales create less drag by using vortices which form microbubbles; this allows for faster swimming as it disrupts laminar flow
· Developed in sharks
· Formation of teeth: Scales have the same chemistry as our teeth (dentin coating, pulp core)
· Shark develops large scales near mouth for feeding
· Embedded in skin
· Teeth can break off but are replaced as more scales move up towards mouth
· Gripping jaw, but not cutting (shark need to thrash to cut prey)
· Sharks only produce 1 or 2 offspring every year (odd because most fish produce thousands of eggs in hopes of 1 in 1000 will reach adulthood)
· Sharks mate with direct contact, no sperm lost to environment
· Mermaid Purse
· Fertilized egg with nutrients inside (leathery case)
· Hidden in crack/crevice, can be glued down 
· Very tough (predators cannot open it) but permeable for gas exchange
· Organism grows until it becomes a miniature shark and then leaves (is able to fend for itself)
· Huge investment in a single offspring (fin industry destroying population)
· Next:
· Actinopterygii (bony fish) (symplesiomorphies)
· Bony skeleton replaces cartilage 
· Teeth become embedded in jaw
· Swim bladder
· Bones support fins; skeleton is completely connected together
· Modification of jaw for suction feeding
· Can swim in place (stationary) using pelvic and pectoral fins
· Back fin mainly used for rapid movement
· Pectoral and pelvic fin move to head
· Suction feeding: modified jaw
· Mouth becomes box when feeding, shoots forward
· Jaw disconnects, is pulled forward creating a suction which pulls the prey in mouth
· Cancels bowel wave (vibrational sound which alerts the prey if the fish approaches it)
· There is a secondary jaw located further back in the body which chews the prey
· Swim bladder
· Organ in body which contains a packet of air for buoyancy
· A fish dives, bladder becomes puffed (counters pressure compression)
· As fish rises, bladder loses air 
· Allows the fish to hold itself in position without expending energy
· Sharks had to constantly swim to aerate gills and stay lifted
· Opercular gill
· Flap of tissue on gills that cause water to be pulled over the gills between gill contractions
· Important when the fish is hovering/stationary for water circulation
· Sarcopterygii (sympleisiomorphies)
· Fins supported by muscles and bones extended into the fin
· Lobed fins
· Evolution of the tetrapod stance:
· In the Devonian, the world is very warm; freshwater environments dry up/become stagnant
· Low oxygen-content water leads to development of the lung
· Tetrapod stance: Allow fish to lift to the surface of the water to breath air
· Leads to evolutions of land organisms (fish would walk from one aquatic habitat to another)

· Plantae (autapomorphies)
· Alternation of generations
· Cellulose rosettes, plasmodesmata, phragmoplast cell division
· Note*: Cellulose is not an autapomorphy b/c some bacteria and protists also have cellulose
· Cellulose molecule
· Consist of sets of glucose molecules hydrogen-bonded together to create microfibrils; these microfibrils wrap around each other to make fibril; fibril lie in cell wall
· Cellulose Synthase: fibril and microfibril
· Has a strand of cellulose sticking out of the cellulose synthase
· Organize in groups of 6 cellulose molecules each with different 
amino acid compositions with strands of cellulose spinning out
· These sub-groups then arrange into another group of 6 (total of 36 cellulose synthase): Cellulose rosette
· Process is self-assembling
· Strands all anneal together to form cellulose microfibril; every single plant species has has 36 cellulose molecule in microfibril
· Cellulose rosettes are embedded in the plasma membrane
· Molecular motors attach rosettes  to the microtubules lying under the plasma membrane
· Motors on microtubules grab the side of rosette and spin them out; this causes the cellulose to spin out and ooze over the plasma membrane
· This process repeats except in a different directions:
· Is the cellulose is all in the same direction it will be flexible
· If the cellulose is in different directions it will be rigid
· Cellulose is laid out based on the cell wall requirements (different matrices = different characteristics)

· Phragmoplastic cell division
· Plants do not have centrioles
· In preprophase, microtubules haul nucleus in the middle of the cell
· Microtubules then change orientation and become spindle fibres at opposite ends of the cell
· Spindle fibres (microtubules)  then undergo another configurational change; cluster in centre of the cell; one set is slightly higher while the other set is slightly lower; they are not connected
· At centre where the microtubules do not meet, molecular motors carry vesicles which rupture and release cell wall material; this forms a cell plate
· Microtubules expand from around the nucleus and more material is added; eventually the cell plates become large enough to fuse with the cell wall to become another cell wall across the middle of the cell
· Microtubules return to normal pattern
· When cell wall forms during reproduction, communication is knocked out between the cells
· Cell plates have gaps which contain cytoplasm across both cells
· Plasmodesmata: holes in the cell wall that for communication via cytoplasmic continuity (consists of endoplasmic reticulum shared between both cells, and a sleeve of cytoplasm)
· Endoplasmic continuity in desmotube: See slide 136*
· These pores  number in the thousands; are also capable of opening and closing to regulate communication
· Apoplastic pathway: transport through cell wall (outside)
· Symplastic pathway: transport through cytoplasm (inside)
· Cellulose wall is absorbent –allows for diffusion between cells
· Alternation of generations
· See slide 137* for plant cycle
· Diploid organism produces spores via meiosis, spores germinate into a haploid organism, some specialized cells differentiate into gametes, gametes form a zygote which grows into diploid plant (return to 2n condition)
· Gameotphyte: gamete plant, haploid
· Have Gametangia producing gametes:
· Antheridia: produce sperm
· Archegonia: produce eggs
· Formed from a zygote
· Antheridium: Some haploid cells differentiate to produce an outer casing for the antheridium, inside there are sperm mother cells which undergo meiosis to become to male gamete
· Archegonia: Similar outer casing which usually contains a single egg
· Outer gametophyte tissue provides nutrients to placenta (antheridium/archegonia)
· Sporophyte: diploid
· See Slide 139
· Egg usually stays attached (sperm comes to fertilize it)
· Formed/grows from a zygote
· Zygote creates tissue in interaction with the plant that it is attached to; produces spores (sporangia)
· Provide nutrients for spore development 
· Spores are released into the environment and then germinate into sporophyte plant
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· Gameotophyte
· Some cells differentiate into the antheridia, others into archegonia
· Gametophyte plant provides nutrients to gametes
· Fertilized diploid cell develops into another plant
· Sporophyte
· Not always independent organisms, may be attached to original organism
· When spores land on ground they turn into plants

· Transition to Land
· Need to limit water loss
· Need to protect gametes from drying out
· Need support system to counteract gravity
· Liverwort
· One of the most primitive/ancient plants
· Lives in moist environments
· Has Thallas: Clumps of photosynthetic cells resembling leaves (not leaves)
· Waxy epidermis (no water loss) with air pores for respiration
· Cannot close pores which is why the liverwort is restricted to moist environments
· Rhizoids
· Root-like structures which are able to absorb moisture (does not have vascular tissue)
· Eggs are found on the underside of the umbrella  See slide 144*
· Antheridia acts like a splash-cup to project sperm into the air
· Some antheridia can build up pressure and burst, also projecting sperm into the air in hopes of reaching the archegonia
· Sporophyte is still attached to archegonia
· Gemma cups: Balls of tissue resembling a splash cup used for asexual reproduction
· Stomatophyta
· Have stomata, determinate meristem
· Stomata
· Surrounded by 2 guard cells which can change shape by pumping in salt; the cell compensates by filling with water 
· As water is pumped in, the inner membrane of the guard cells expand and close the stomata
· Meristem
· Growth point (grows into leaves, stem, etc…)
· Determinate: Limited growth
· Tip of every plant is the growth point of another plant from meristem
· More plants grow from original plant, branch out
· Tip plants are genetically variable due to mutation, exposure to UV radiation, etc…
· In old older plants there is inherent variation in all growth points
· If the original plant dies, the tip plants may still survive
· Mosses
· Determinate meristem: perpetual growth
· Meristem growth pushes up spore-producing tissue which become sporophytes
· Have leaf-like structures which absorb water from rain, moisture (using cellulose)
· Problem arises as cellulose is subject to bacterial breakdown
· Phenolics: Present in cell wall, antibacterial
· See slide 151*
· End of Devonian
· Mass extinction: loss of most jawless fish
· Warmer global climate
· Loss of reef system/coral builders
· Loss of O2 in oceans; increase in organic compounds
· Decreased water levels
· Devonian
· Tracheophyta
· Indeterminate meristem
· Lignified secondary cell wall (rigidity, support)
· Tracheary cells, sieve elements, long-lived sporophyte
· Lignin: numerous phenolic groups
· Hydrophobic
· Indigestible, toxic
· Lignification: rings to spirals to eventually coating the entire cell 
· Results  in a secondary cell wall
· Dies after it fully matures
· There was nothing to break down lignin during this time period; lignin completely fossilizes as a result
· Trachoids: hollow columns which pull water from the bottom of the plant to the top, no expenditure of energy
· Solves water, gravity problem
· Sieve cell
· Living cells
· Cytoplasm continues along strand
· Used to transport sugars
· Sugar from photosynthesis diffuses into sieve element, pushes sugar downwards towards the plant sink
· Based off of diffusion (high to low concentration)
· Sugar is sent to the roots where it can be stored
· Xylem: UP (water); Phloem: Down (sugars)
· Monilophyta (autapomorphies)
· True leaves, DNA chloroplast inversion
· Sporophyte with leptosporangium shoots spores out
· See slide 171* (fern life cycle)
· Leptosporangia: Located on cell underside
· Filled with water
· As water diffuses to the air outside the cells buckle and explode, catapulting their spores into the air
· [bookmark: _GoBack]Land on ground and turn into gametophyte
