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Silurian and Devonian periods 

Silurian period (443-416Ma)
· Part of the Phanerozoic eon (550Ma-present) in Paleozoic era (550-254 Ma)
· Between Ordovician and Devonian
· Ocean levels drop
· Lost diversity from Ordovician extinction – marine species
· Cooling – ice coming up
· Age of Fishes
· Photosynthetic activity in transitional areas (between water and land)
· First vertebrate fishes, first land plants
· Gondwana moving up – 2 super continents
* There massive extinction at the end of Ordovician (many reasons)

· major glaciation > decline in ocean levels (because at ice at poles)

· continental shelfs available goes down (that’s where everything is living > most productive zone)

· start to see things up on land

· greening on land > photosynthesis > changing CO2 in sugars and carbon

· plate crust stabilize > less volcanic outgassing

· crash in habitat availability

· end result = extinction at end of Ordovician

Ordovician survivors 

· cnidaria (corals), mollusks (shelled cephalopods, bivalves, gastropods), worms, echinoderms, bryozoa, arthropods (some trilobites, marine forms (crustacea))

· most architectures remain after the extinctions, only certain morphologies wiped out (things don’t look the same due to a massive bottle neck effect)

· some new architectures invertebrate fish 

Silurian

· age of fish > vertebrate fish body plan starts to dominate > take adv of bottleneck and habitat and ^ in numbers 

· paleo-tethys ocean = shallow water, warm, optimal for productivity of fish 

Arthropoda: Crustacea 

Arthropoda

· Crustacea
· Jointed-food invertebrates
· Arachnids, crustaceans, insects, millipedes, centipedes
· Exoskeleton, segmented body, jointed appendages
· Protostomes
Crustacea

· Arthropoda
· Take over marine in Silurian
· Ex: crabs, crayfish
· open space for large predators and large organisms

· crustacea > little primary herbivores will also become large

Armoured fish 

Ostracoderm

· Armoured fish
· Used muscular pharynx to suck water containing food particles
· Jawless vertebrate (like lamprey, but had bony skeleton)
· Can create currents generated by cilia which allows them to collect food more rapidly and get bigger
· Lack true vertebral column
· Swam with mouth open – water moves in, flushed across slits in pharynx (gills), nutrients stay
· 1st fish that appear (arms race: protecting yourself)

· not in small scales (like today) > plates of calcified bone

· switch from solid armour to half hybrid structure = armour + flexibility

· faced with 1 problem: unable to open and close its mouth > doesn’t have a jaw

· ancestor: pulling water in slits to send down into the stomach (respiratory and digestive) 

· have to start with this 

· either swim around and catch food or as some did they  dove into sediment and rammed mouths into dirt and force into digestive system. 

· early ancestor to the fish = jawless fish

Jawless fish 

Agnatha

· primitive vertebrates that use a muscular pharynx to suck water containing food particles into their mouths and gills to filter the food and perform gas exchange
· Jaw less – mouth stays open
· Includes hagfish, lamprey, ostracoderms
· Lack larval stage
· lamprey > doesn’t swim to wait for food > parasite on the body’s of larger fish (teeth and big tooth on tongue to attach) 

· attaches to the outside and moves tongue on the inside to burrow into body wall of the fish > detach and reattach = agnathian 

· problem in great lakes > life cycle: adult lamprey time to mate swim out of oceans go in small creeks to lay eggs and the young lampreys hatch and live in freshwater systems for a bit then go back to the ocean. like salmon. problem = when st. Lawrence seaway was opened > why go back to ocean when lake superior is just as big. live in great lakes > destroyed commercial fishing industries. 

Evolution of the jaw 

Gills arches

· Embryological evidence suggests that jaws evolved from paired gill arches in the pharynx of a jawless ancestor
· Support flesh between gill slits of chordates
· In most vertebrates: first gill arches modified to form jaw
Gill slits

· found on agnatha
· involved in the evolution of the jaw
· used to acquire dissolved oxygen  and filter food
· ostracoderm becomes placoderm but in addition can change mouth to create suction > dive and suck food in mouth. gills (slits) along side supported by bone (arches) and as they change size of the mouth cavity 

· animal flexing the mouth > flexing the bones that hold the gill slits open

· bones flex to a point where they become hinged. can close and open. evolution of jaw has nothing to do with teeth. consume food and respiration.

Placoderm

· Armored fish – innovations 
· Left no direct descendants
· Bodies covered with heavy plates of bone anteriorly and smaller scales posterior
· Paired fins had internal skeleton and paired feet
· Fins and undulating tail = swim innovations
· Swam with mouth open – rammed head into ground, got food using swim mechanisms
· Used muscular pharynx to suck water-containing food particles
· Jaws had cutting edges, but no teeth
· Gills to acquire dissolved oxygen and filter food
· Emerged in Silurian
Jaw

· Jaws evolved from gill arches in the pharynx of jawless fishes
· First 2 gill arches started to deform and flex, and eventually flexed, fused and could close = jaw
· In early jawed fish, the upper jaw was firmly attached to the cranium
· In later jawed fish, the jaws were supported by the hyomandibular bones, which were derived from a second pair of gill arches
Gnathostomes

· vertebrates with jaw

· includes amphibians, reptiles, mammals, many modern fish

Chondrichthyes  (cartilaginous fish)

Chondrichthyes

· Cartilaginous fish – sharks, rays
· Sharks: neutral buoyancy because tissues are filled with shark oil
· Fins: stabilized head to it doesn’t undulate with tail
· Fins and girdles 
· Derived trait – lost armour
Cartilagenous fish

· Chondrichthyes
· Represented today by 850 species
· No bone = derived trait
· Marine predators
Pectoral fin

· Pair of find situated behind head of fishes – sides of body

· Control direction of movement

Pelvic fin

· Found on Chondrichthyes and bony fish
· Pair of fins attached to pelvic girdle of fish to control direction of movements
· Correspond to hind limbs of land vertebrate
Pectoral girdle

· Attached to the bony fish cranium
· Is freed from the cranium in the evolution of tetrapod stance
Pelvic girdle

· Structure of vertebrate skeleton surrounding lower limbs in humans or hind limbs or corresponding parts in other vertebrates
· Bony arch
· today: sharks > not the same as the ones before but have innovations that are common to the body form that makes its appearance 

· has jaw (able to feed), have tail> for swimming, stabilizers on sides to swim efficiently (pectoral and pelvic > anchored in body wall = not agile) but get new type of architecture that it can feed and move at the same time. 

· skeleton not mineralized; bony structures sitting inside the 2 lateral fins (pectoral and pelvic) > allows stability when swimming and when it wants to turn it can turn fins to certain degree; no rigid attachment between pectoral and pelvic bones

· the fins aren’t particularly agile> slightly tilt fins to turn left and right

· locomotory power from caudal fin 

· 1st cartiliganeous > have to constantly swim to aerate gills; this is an issue to be in motion all the time. 

· also they are denser than water (sinks) > spending energy to swim to breathe and prevention from sinking

Neutral buoyancy

· physical body’s mass equals mass it displaces in a surrounding medium

· offsets the force of gravity it would normally be subject to

· will neither sink nor rise

· ex. A shark
· high levels of oils in tissues to allow them to be lighter/equivalent to the water = more efficient 

· laminar flow and turbulence > friction between surface of fish and water flowing by = slows down fish = more energy needed to counteract it. so what they create on the surface is small amounts of turbulence placoid scales > create laminar flow. sticks out above the epidermis and embedded in epidermis. can spend less energy to move around (more efficient); also protection; shark scale interesting structure > dentin pulp and enamel (like teeth) 

Placoid scale

· Found in cartilaginous fish, including sharks
· Instead of armour, shark has scales – creates micro-turbulence = increased efficiency
· Big plates replaced with little scales to reduce drag (evolved from armoured fish)
· Also called denticles – similar in structure to teeth
· Dentin: outer layer of teeth
· Shark has big teeth at front, but jaw is still not feeding structure – swims with mouth open
· For feeding: teeth are like giant scales. major predator (fish evolving into predators). 

· teeth fn: trapping and holding on to their prey, they can’t chew their prey. new feeding strategy > things that are bigger than them by using their teeth (with violent swimming motions to create large forces to tear it apart and go after the pieces). 

· summary: more efficient locomotion, scales, prevent sinking, must constantly swim to aerate itself. but if you have to keep moving > you can’t hide

Bony fish 

Bony fish

· Most successful in terms of diversity
· Evolved toward end of Devonian  but appeared in Silurian
· Scales = small, light weight
· Bodies are protected in a coat of mucus that retards bacterial growth and minimizes drag
· Pelvic, pectoral, dorsal, anal, and caudal fins – fins can move independently of rest of skeleton = better agility than sharks
· Endoskeleton is light weight support and therefore increases locomotion ability
· anchor bones directly to vertebral skeleton (bone connections, not muscles) and used to move the fins = agile fins, can work independently 

· still have tail 

· want to be secretive/hide/hover > stop swimming and manipulate fins to hold ourselves in place; better movement and agility, can swim and then stop (brake)

* but if its not going to move it needs something to pump water: operculum: 

Opercular gill

· Bone flap of body wall that covers a chamber that houses the gills
· Open mouth: lower roof, water comes in
· Closed: squeezes mouth cavity, operculum swings away (opens) = unidirectional flow of water without swimming
· Can respire without moving – a huge innovation
· swing out (pull water out of the mouth cavity if shut) and swing in (pump water in) 

· high mobility, scales (small bony discs), and solved issue of aerating gills

Swim bladder

· “bag of gas”: gas filled internal hydrostatic organ to help maintain neutral buoyancy
· gills pick up gases, lung derivative (swim bladder) is hooked into circulatory system
· fish need different amounts of gas – use capillaries
· 2 capillary systems that supply swim bladder. one releases oxygen and pump it in the bag, other removes gases from the bag and puts its in the circulatory system

· important > as animal moves up and down in water if you’re going to use air > as you move down = more pressure > need more air; need to change volume of air in the tank you are using. rises to surface removes air, moves down adds air. 

· this can change its buoyancy precisely

Evolution of the tetrapod stance 

Tetrapod
· evolved its stance
· pectoral girdle is freed from cranium
· a strong stout fin to crawl in the mud
· amphibians
· first to start walking on land
· bag instead of being isolated > will make connection to digestive system > fish that can come out of the water and gulp air 

· instead of delicate fin bones, they have robust and allow it to push up, gulp air, and go back underneath 

· adv: in areas of low O2, allows the blood to be aerated via the swim bladder

· design results into organisms that can move from the body of water and walk on land

· tetrapod stance, where these bony fish set the stage for what will come in the carboniferous period where pectoral and pelvic fins become appendages > fore and hind limbs associated with terrestrial organisms. 

Transitions to land (plants) *same problems that animals will face 
1. Water conservation

· across exchange surfaces

· across body wall in general 

· anything that moves across has to be dissolved in water (water film)

· as animal get bigger, the SA:V comes into play and you need large amount of surface area

· solved in animas by internalizing exchange surfaces

· plants inside out and use same surface for gas exchange (holes) and for trapping light (^SA)

· lots of SA external to it because absorbing liquids and nutrients from soil (through roots) as well as carbon 

2. Protect the gametes against drying out

· sperm swims to egg

3. Support system (gravity)

· must grow upward to get into light which means these 2 growing pts are getting progressively further away from eachother and make sure it stands up and doesn’t collapse from gravity

· same for an animal, which needs to support itself with some kind of skeleton when it comes up on land

Phylogeny of plants 

- have same of events that we saw in animals

· sequentially more and more complex

· green algae= ancestor > become multicellular (division of labour) when they[image: image1.png]


 come up on land > masses of cells with pores to allow gases in photosynthetic tissues (open) can only live in moist/damp environments> water proof body of plant and shut holes (stomata) when don’t do photosynthesis (respiration at night: Water conservation) > vascular tissues to connect root and leaf (larger sizes) > protect protect sperm from desiccation

· dimorphic life cycle  with alternation of generations

· 2 life cycles > production of gametophyte will be internalized in sporophyte stage= origin of seeds and flowering plants 

Green algal life cycle 

· start pt for plants 

· doesn’t spend large amount of time as large sporophyte in life cycle (resting stage)

· sexual life cycle: haploid filaments capable of differentiating and produce gametes 

· + and - filaments because they are morphologically identical (can’t call them male and females) and gametes similar (both swim)

· gametes fuse to get zygote (2n) > resting stage> shortly meiosis for spores to regenerate plant

· asexual cycle: gametophyte makes spores to make more gametophytes 

· it can either produce haploid gametes or regenerate itself

Alternation of generations in land plants  

· end up with gametophyte stage to make gametes

· diploid sporophyte stage (short lived)

Alternation of generations

NOTE: Not self fertilizing, therefore spores are a major dispersive element

Not a diplontic life cycle

· Alternation between diploid (sporophyte) and haploid (gametophyte)
· Sexual life cycle of plants
· Terrestrial plants exhibit an evolutionary trend towards diploid dominance
· Diploid stage is dependent on haploid generation for nourishment
· Cycle: diploid phase (sporophyte): cell to make epidermis, for reproduction, for photosynthesis, multicellular, division of labour, makes spores, contains sporangia underneath the leaflets
· Meiosis Occurs
· Haploid phase: spores form, undergo mitosis, cell-to-cell communication, division of labour, gametophytes form (have gametangia), become gametes (egg or sperm)
· Fertilization Occurs
· Diploid zygote forms, un[image: image2.png]


dergoes mitosis, morphological change into sporophyte
· In water: antheridia burst releasing sperm which fertilizes the egg
Sorting out plant parts 

· 1st plants to come up on land > reproductive organs because dealing with multicellularity (division of labour)

· new nomenclature for sporophyte and gametophyte parts of the life cycle 

1. Sporophyte

· the diploid, spore-producing body of a plant
· phase in the plant life cycle
· tiny and short lived
· dependent on gametophyte for nutrients
· “the plant” we see is the sporophyte
· Comes from zygote
Sporangia

· produce spores in the plant life cycle
· in sporophyte (2n)
· The sporangia contain diploid spore mother cells which produce haploid spores through meiosis
Spores

· produced by sporophytes through meiosis in the plant life cycle
2. Gametophyte

· Have gametangia producing gametes
· Antheridia-sperm
· Archegonia-eggs
· Protected by sporophyte stage
· the gametophyte  is much larger and longer-lived than the sporophyte and is photosynthetic
· part of plant life cycle
· gamete are sheltered in a gametangium
· contains water, carbohydrates, and some other nutrients for the sporophyte stage – gametophyte need to nourish sporophyte
Gametanagia

· Protective area/shelter for gametes
· Formed by haploid gametophyte
· Produce gametes
Antheridia

· A structure where sperm is produced in plants
· Has specialized cells for photosynthesis
· The sperm swim through a film of water to the archegonia and fertilize eggs
· Each fertilized egg gives rise to a diploid embryo sporophyte, which stays attached to the gametophyte and produces spores—and the cycle repeats.
Archegonia

· The gametangia in which bryophyte eggs form are flask-shaped structures called archegonia
· develop on the underside of gametophytes
· If mature archegonia are nearby, the sperm swim toward them, drawn by a chemical attractant that diffuses from the neck of the archegonium, which is open when free water is present
· Antheridia need to swim down channel to reach egg cell
evolutionary trend in plant life cycles

· life cycle is going to undergo modifications (before gametophyte large in life cycle> sperm swimming to egg)

· gametophyte stage contained within sporophyte stage

· flowering plant: archegonia is going to be housed and station in sporophyte. 

· male product will be packaged into pollen and get that to the plant (Without swimming) 

Liverwort, Marchantia 
· transition starts with primitive plant 

· live in very moist env

Liverwort life cycle

· no vascular tissue – a thallus, not a leaf
* (leaf-like) photosynthetic tissues
· Archegonia: head shaped like umbrella, ends turned down and open for sperm entry
· Antheridia (discs): head fans out, has opening with sperm in between, raindrops bounce on antheridia, pick up sperm, bounce up into underside of archegonia head = fertilization – diploid zygote formed and develops into sporophyte
* air barrier in the way to get sperm to eggs that are hanging above
· sporophyte will grow and develop while still attached to the gametophyte
· Haploid spores formed by meiosis in the sporophyte are released
· Spores grow and develop into male and female gametophytes
· Gemma cups: for asexual reproduction – reproductive backup
Thallus

· flat, branching, ribbon-like plate of tissue closely pressed against damp soil 
· found in liverworts (bryophytes – first land plants)
· creates cells that produce sperm
· part of life cycle for liverworts – the gametophyte
· first plants didn’t have leaves – just cells that form layers with no differentiation into different cell types
Rhizoids

· anchor the plant to its substrate and do not take up any water or nutrients from the substrate
· roots on bryophytes
· no transport mechanism
* not roots because no vascular tissue 
Gemma and gemma cups

· small cell masses that form in cuplike growths on a thallus
· asexual reproduction
· Gemmae can grow into new thalli when rainwater splashes them out of the cups and onto an appropriately moist substrate.
· plant tissue that has been protected with wax > heavy rainfall they will fall and land away from the liverwort and germinate and reproduce asexually
Transition to land- water conservation 

· surface of liverwort: photosynthetic cells adjacent to pores in epidermis that can let gas in > exposed at all times

· photosynthesis day, respiration at night. 

· sunlight> NADH> glucose (broken down to glucose at night to make ATP) at night no reason for openings to be there > epidermal cells develop into guard cells and by changing pressure/water in cell = water out (open) ; water in (closed) > open and close stomata depending on whether you are photosynthetic or not

Stomata(singular: stoma)

· Pores found in the leaf and stem epidermis that is used for gas exchange.
· Stomata are present in the sporophyte generation of all land plant groups except liverworts
· Air containing carbon dioxide and oxygen enters the plant through these openings where it is used in photosynthesis and respiration,
· Stoma: complex of hole + 2 guard cells surrounding it responsible for opening and closing the hole
· Guard cells fill with water to inflate and close opening
· Part of plant transition to land: for water conservation
Mosses
· ex. of having stomata. can shut stomata and covered with waxy surfaces > when dry env > lock up and shut down

· crunchy and then go to vibrant green when there’s rain 

· tap into waterproofing to make unique life cycle

Moss Life Cycle

· Haploid stage: spores released into air, become protonema then male or female gametophyte

· Antheridia or archegonia have sperm and egg – fertilization

· Diploid: zygote becomes mature sporophyte with asexual gemmae 

· Gametophyte supports sporophyte

· Meiosis = haploid

· Still no vascular tissue, has stomata, dependent on absorbing water on its surface to reproduce

· Sporophyte grows on top of gametophyte
· male and female gametophyte attached by rhizoids and they both have disc like structures > rain fall = splashing 

· caps fly off sporophyte and release spores come to the ground and germinate and will set out rhizoids and differentiate into male/female gametophyte 

Evolution of plant vascular tissues 

· plant cells involved in holding the plants up

· interconnected to each other by perforations 

· for a plant that has intact plant cells > move water to have it in cytoplasm in one plant and allows movt through the plasmodesmata

· what happens next > formalize connections between plant cells. primary cell wall with cellulose> we are going to get new compound = lignin > going to support the plant cell> plant cell can die and become [image: image3.png]|
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hollow and can connect to the plant cell next to it and not wilt or collapse. 

· each plant cell is connected to the next by these openings, allowing materials to flow 

· the origin of vascular tissue, arises at the beginning of the devonian

· silurian: haven’t perfected everything because they can’t separate growing tip of the photosynthetic surface from absorptive surface of root (can only do this with connective tissue)

· lignin hold these cells open to create pipes that run from photosynthetic surface to absorptive surface 

Primary plant cell wall

· For water movement
· Still rely on diffusion, but some water movement
· Has cellulose – has polarity
· Part of evolution of plant vascular tissues
Lignin
· Found in plant secondary cell wall
· Binds to cellulose fibres to harden and strengthen cell walls of plants
· First vascular tissue – has simple water conducting cells
· Holds cells up even when they dehydrate
· For water conduction: hydrophobic, so water wont interact with the vessels
· Improved conduction from top to bottom: at top water gets evaporated so water needs to move up, at bottom water is absorbed by roots
Early devonian 

*gondwana coming closer to other continent to make pangea

Devonian period (416-359Ma)
· Part of the phanerozoic eon (550Ma-present)
· Part of the Paleozoic era (550-245Ma)
· Temperature cooled from plants turning carbon dioxide into air
· Organic matter was flushed into water and decreased the dissolved oxygen with lead to further climate change
· Around equator: primary productivity area
· Bigger land masses
· Land: plants take off, from tiny simple plants to trees because of vascular tissue, gain transport system and support system
· Oceans: not much changing
· Devonian extinction: marine, depletion of carbon dioxide make temperature go down = oceanic water level drops, becomes ice; soil and terrestrial organic matter gets flushed into water and organisms don’t recognize it – bacteria decompose this matter = take oxygen from ocean so marine animals go anaerobic or e[image: image5.png]


xtinct
* not one of the biggest mass extinctions: has no impact on plants

devonian terrestrial environment

phylogeny of plants > next going to use vascular tissues to start separating lower stems from growing stems

Evolution of plant vascular tissues 

* perfect vascular tissue in a structure called a tracheid 

Tracheids

· conducting cells in xylem (vascular tissue) – transport water in plant
· hollow inside for conduction
· part of evolution of plant vascular tissues
· lignin lines the whole vessel

· inner lignin wall (outer cellular wall)

· its chemical structure is water repellant, and cellulose is wettable 

· perfecting the pipes within the plant to ensure there is no resistance to flow of fluids moving in the stem

· 1st group = fern

· view primary cell wall and lignin keywords 

Secondary plant cell wall

· between primary cell wall and plasma membrane
· contains lignin
· produced after primary is complete and cell has stopped expanding
Ferns and their life cycle
· when walking you see the sporophyte stage of the fern 

· look at underside of leaf = spore production bodies (sporangia) > shoot spores into air

· land on ground and develop into small structure = gametophytes

· on gametophyte antheridia and archegonia > rely on water to move sperm to the egg

· egg will germinate and grow out from underneath and get the fern frawn 

· still have water issues but have vascular issues solved

· ways to make sporophytes that can move to new locations > sporophytes that fire spores into the air  

· gametophyte becomes minimized into its role 

Fungal mutualism

· all of the plants moving up on land > close association with fungi

· fungi are the only organisms that can mineralize rocks > essential minerals needed by plants (water from soil) but minerals from fungi

· relationship starts now. as relationship develops> plant gives fungi sugars. 

· end of devonian: beginnings of soil systems that are complex and deep enough to support much larger and more effective plants 

· organic debris makes ocean anoxic > decreases marine life

· carboniferous: plants!

What’s new and going to be big: seed plants, amphibians, insects+spiders, fungi 
· complete protection of gametophyte; fish lifting heads up and come up on land and feed on insects; insects eat plants; recycle into new soils  
extra keywords

External fertilization

· Process of fertilization out side the body
· Plants, bony fish and many marine invertebrates
· Seeds in plants overcome that sperm needs to be motile
Gastropod

· class of mollusks with one-piece coiled shell and flattened muscular foot with a head bearing stalked eyes

· univalves

· snails and slugs

Mesozoic

· 230-63 million years ago

· Earth was dominated by reptiles

· Phanerozoic

· Age of dinosaurs

· Continents shifting gradually – drifting provided speciation and other evolutionary developments

· Climate: exceptionally warm


