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Carboniferous and Permian 
Carboniferous period (359-299 Ma)
· During paleozoic era (In Phanerozoic eon)

· glaciation, low sea level, mountain building

· a lot of coal beds laid down

· aquatic: no major body forms lost

· unusual trees in forests, gymnosperms dominate

· more oxygen in atmosphere, about 30%

· the continents are forging together from pole to pole with ice at each pole
· we have massive carboniferous forests (dominated by fern and mosses)

Carboniferous aquatic environments 

· most organisms in oceans are still there in terms of the phyla

· ex. radulas, shells, cartilagenous skeletons

· characteristics there> morphologically they don’t look the same as they do now

Carboniferous coal forests 

· club mosses

· giant horse tails (over 15 feet)
· tree ferns 

· no major seed plants, doing this all with spores to create massive forests

· no organisms capable of breaking down the lignin

· the plants would die and nothing would recycle them, fossilized due to high amount of CO2 and over time they stacked up on top of each other to produce coal
· 30% oxygen in atmosphere during this time
Coal forests

· wetland forests over most tropical areas in Late Carboniferous and Permian

· club mosses, giant horsetails, tree ferns

· accumulated tons of peat – became coal

· all the coal we use today is from carboniferous coal forests

· lignin: there were no insects or fungi to decompose it so it fossilized
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Evolutionary trend in plant life cycles 

· over time, the gametophytes get smaller and the plant will spend more time in its sporophyte structure 
· plants will start to develop seeds

· seedless plants and no vascular tissue are the liverworts and moss

· seedless plants with vascular tissue are the ferns

· seeded plants with vascular tissue are the gymnosperms and angiosperms

Evolution of plant vascular tissues 

· going to perfect lignin in vascular tissue and have complete plumbing system for liquid transfer and cell support
Lignin 

· hydrophobic so there is no water resistance
· indigestible

· bacterial and fungal organisms begin to eat lignin, fungi become specialized in it
· its toxic so when things in water come in contact with the lignin they will die
· a way for the plant to sterile the water

Lignin

· complex polymer in wood, very hard to break down

· binds to cellulose fibres to harden and strengthen cell walls of plants

· hydrophobic, ensured water remained sterile

· indigestible, toxic to bacteria, non-carbohydrate

· huge innovation in plants

· caused fossilization into coal during carboniferous period because there were no insects or fungi to decompose it yet

· support allowed plants to get taller – reach sunlight before small plants

· part of the: secondary cell wall

· aromatic rings are hydrophobic (repel water) > important: whole secondary cell wall tube is repelling water (originally wettable). now no resistance by water or fluids running through tube = perfect lining for transporting 

· gives plant strength (resist gravity) because every fibre in plant is rigid supporting structure > series of rods from top to bottom that are like reinforcing bars (100s to 1000s of them in plant) 

· highly durable, water resistant, slightly toxic (fluid kept sterile> killing bacteria)

Spores vs seeds 

1. Homosporous

· producing only one type of spore from which develops a gametophyte producing both male and female gametes (gametophyte is bisexual)

· all spores are same size and type
· ferns, mosses, liverwort (seedless plants)
· sporangia> spores> bisexual gametophyte > sperm or eggs 

2. Heterosporous

· producing both male and female gametophytes – spores of both sexes

· gymnosperm and angiosperm plants
· both are different sizes

· female megaspore is large to provide the energy

· male microspore is small and waterproof (pollen) and will travel with wind to female megaspore
- microsporangia> microspores > male gametophyte > sperm

· megasporangia> megaspores > female gametophyte > eggs 

Sporophyte

· spore-producing individual or phase in life cycle of a plant with alternation of generations

· diploid stage of plants, result of mitotic division
· forms spores through sporangia
Gametophyte

· gamete-bearing individual or phase in life cycle of plant having alternation of generations
· result of meiotic division

· forms gametes
Megasporangia 
· plant structure that produces megaspores

· female structure of the plants, associated with flower carpel and megasporangial cone

Megaspore

· larger of two types of spore produced by heterosporous plants

· develops in ovule into a female gametophyte

Microsporangium

· plant structure that produces microspores – case/capsule

· smaller sporangia in heterosporous plant

· on anthers (stamens of flowers), and pollen-producing structures on microsporophylls of male conifer cones or cycad cones

Microspore

· smaller of the two types of spore produced in heterosporous plants

· develops in pollen sac into male gametophyte

Seeds

Seed

· developing sporophyte (embryo) is in a protective seed cover that contains nutrients around it in another protective cover
· the embryo is the internal fusion of the egg and sperm and is in a waterproof sac with nutrients that gets displaced by animals to ensure dispersal of the plant

· seed is a zygote
· seed plants are heterosporous – microsporangia and megasporangia become microspores and megaspores and become male or female gametophyte and become sperm or egg
· microsporangia(microspore(male gametophyte(pollen
· megasporangia(megaspore(female gametophyte(egg
· 3 parts: embryo sporophyte, surrounding nutritious tissue, tough protective seed coat

Gymnosperm life cycle (conifers)
Gymnosperm

· seed-bearing plants

· seeds are not enclosed in ovary/plant tissue – it is on surface of sporophyll

· includes conifers, cycads
· cones at the top of the plant that contain the megasporangia that forms the megaspore (4 are formed but 3 polar bodies are wasted)
· at the bottom of the plant are fragile cones that contain the microsporangia and will form the microspores (pollen)
· rather than creating motile sperm, 2 sperm cells become the nuclei and 2 sperm cells surround them for protection
Gymnosperm ovule 

· the male pollen (pollen grain) will reach the female ovule and form a tunnel into the megaspore and release the nucleus in order to fertilize it. 
· The zygote will mitotically divide to form an embryo then the ovule well send out the seed (embryo, nutrients, protective case) and it will land on the ground

· Once conditions favourable it will become a new plant
Ovules

· small structures within ovary that develop into seeds if fertilized by male pollen

· female reproductive cell of flowering plants and cone-bearing plants, encloses embryo

· increased protection of egg, began in gymnosperms

Fungi

· needed to recycle the biomass in the plants and provide plant with nutrients
· use acid that they secrete to break down the lignin and cellulose walls and rocks and they use the mycelia to absorb the nutrients
· theyre made of chitin which is immune to the acid so the fungi does not destroy itself

· not plants and require moist environments so are either in moist environment or deep in soil where it is moist

· have no stems or leaves or roots, they consist of long mycelia

· some require nitrogen so they will form ring structures and attract worms and once the nematode worm goes through the ring it will contract and trap it and excrete the acid in it to digest and absorb it

· they can produce the mushroom like structures for reproduction where after the spores are released they shrivel and decompose

· have only haplontic life cycle
Unique fungal terms

· long, branching filamentous cell of a fungus

· collectively called a mycelium
· they hyphae will connect in long chains called mycelia which can span out 3 square km 

· septa are connections between hyphae which are wide open

· the nutrients are passed through all the cells by the flowing cytoplasm
1. Plasmogamy (n+n)
· when cytoplasms of two parent mycelia fuse without fusion of nuclei and forms a dikayotic structure
· secondary mycelium forms

· going from asexual to sexual reproduction because after the nuclei will fuse and meiotically divide
2. Karyogamy

· The 2 nuclei in the dikaryotic structure will fuse together to form a 2n cell and then will undergo meiosis to form the spores (Sexual reproduction)
Typical fungal life cycle 

· CYTOPLASMIC FLOW ALLOWS NUTRIENTS TO TRAVEL THROUGH WHOLE FUNGI

· The fungi will undergo mitosis to form the mycelia that expand and make the branching structure

· Eventually mycelia from different fungi will meet and they will fuse the cytoplasm to form the dikaryotic cell (plasmogamy)

· Eventually the nuclei will fuse (karyogamy) and form a zygote that will undergo meiosis to form the spores

· The spores will get dispersed by wind and form new mycelia and start over again

· The spores usually dispersed by wind from the mushroom structure

Basidiomycota life cycle
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follow the typical life cycle. Once we have the dikaryotic mycelia, they will invaginate and compress to form ridges on the inside of the mushroom cap (basidiocarp)

· they will use water to inflate the fruity body and push it up out of the soil

· the tips of the gills on the inside you will have karyogomy where the zygotes will undergo meiosis and form 4 spores that stay attached until wind blows them off to new areas where the spores will mitotically divide into new mycelia  
Types of fungal mutualism 
Every plant has an association with fungi
1. Ectomycorrhizal fungi (EMF)
· mutualism from external plant environment

· fungi that form symbiotic relationship with plant

· root needs minerals and water

· fungi can mineralize elements in soil (calcium, magnesium salts)

· plants provide carbon for fungi, fungi give minerals
· probably the first plants on land had this mutualism because they needed minerals to develop
2. Arbuscular mycorrhizal fungi (AMF)
· Mutualism from internal plant structure
· plant gets invaded by fungi
· the fungi will send hyphae into the plant cells and have direct transfer of minerals and sugar to the cytoplasm of plant
Fungi - Lichens 
Oldest association between plants and fungi
Lichen

· symbiotic relationship between fungi and green algea
· fungi gives plant inside lichen nutrients, plant gives organic matter
· fungi gives nutrients and protection

· plant gives sugar
· these would be found usually on rocks
· the fungi dissolve the rock and provide for the photobiont, if you take it off the rock you would see outline of it

· when it becomes to dry they become dormant until it becomes moist again
phylogeny of animals
insects move up on land because the mega and microspores are ideal food source
Arthropod

· invertebrate with jointed limbs and segmented body with an exoskeleton made of chitin

· ex. insect, spider, crab

· ¾ of today’s living animals
· has 3 tagma

· head is 6 specialized segminets for sensory input, food acquisition/feeding

· mouth parts, antenna, compound eye

· thorax is used for locomotion

· 3 pairs of legs and maybe wings
· abdomen (bodily functions - ex. reproduction)

Insect movement- Flight and wing folding mechanism

· 1st things that can fly

· flight happens 250 mya

· now they can disperse > travel long distances which allows new habitats, better protection, finding mates, etc… 

· some can bend their wings to prevent damage, some make 2 wings hard for protection and bend the other 2 beneath
· largest group of insects are beetles 
· need to waterproof the surface

Cuticle-exoskeleton 
· They have an exoskeleton made out of chitin

· When they move up on land they add epicuticle that is made out of wax and protein that water proofs the insect

· SOLVED PROBLEM OF WATERPROOFING THE SURFACE LIKE PLANTS-WAX, ALSO GRAVITY PROTECTION BY THIS TOO
· they get shlack wood covering from insect in asia. the insect excretes an excess of wax that hardens around the insect and they stay dorment on plant they are eating. people will take these insects and boil it in water then filter out water and place it in ethanol. ehtanol will break everything down except the wax and when you spread the shlack on wood, the ehtanol will evaporate and you are left with was on the wood only that protects the wood

Cuticle

· variety of tough but flexible non-mineral outer coverings of organism, or parts of organism, that provide protection

· non-homologous, differ in origin, structure and composition

· on insects to provide water-proofing and resist gravity

· composed of epicuticle, procuticle, epidermis, basement membrane

Insect tracheal system 

Tracheal system

· respiratory system of insects that consists of internal air-filled tubes

· trachea, spiracles, tracheoles, tracheolar cell, muscle

· don’t bring oxygen in blood – bring it straight to tissues

· don’t get lactate buildup – can fly for a long time

· respiratory system limits size

· carboniferous: more oxygen = bigger insects

Trachea

· membranous tube with cartilaginous rings that conveys inhaled air from larynx to bronchi

· part of insect tracheal system

Spiracle

· small opening on animal surface between eye and first gill slit

· represents modified gill slit between jaws and tongue arch

· used to breathe air in insect abdomen

· they have openings on their bodies called spiracles. the branching network spreads throughout the bOdy and contain the hollow tubes called trachea

· the spiracles are filed with air and trachea are the smaller tubes that have no water proofing. the trachea will thouch cells like mitochondria and directly diffuse the air into cells.
· the trachea will be at 21% oxygen and mitochondria will be at lower like 18% because it will use oxygen to produce energy and you have a concentration gradient. the exygen will constantly flow into mitochondria 
· they will always have enough oxygen so they can fly forever as long as they have the energy
· insects never build up lactate because they always have enough oxygen

· THIS IS WATER PROOFING BODY AND RESPIRATORY SYSTEM. THEY HAVE ABILITY TO WITHSTAND GRAVITY BY EXOSKELETON AND NEW LOCOMOTION METHOD OF FLIGHT
Insect reproduction 

· The male will package sperm inside a water proof structure called the spermatophore

· Female will produce water proof egg with 1 opening

· as egg goes in front of seminal receptacle, the female releases sperm and finds egg and fertilizes it, then the opening will close and have a completely shut, water proof zygote 
· WE NOW ALSO HAVE WATER PROOF FERTILIZATION
Insect metamorphosis 

Metamorphosis

· marked and rapid transformation of a larva into an adult in some animals

· abrupt change in animal’s body structure through cell growth and differentiation
· allows the species to have different forms of food sources
· 3 different life cycles in insects 
· larva(pupa(adult
1. Ametabolous metamorphosis

· growth stage of certain insects characterized by an increase in size without distinct external changes
· no wings

· moulting its whole life to bigger structure
· ex. silverfish

2. Incomplete metamorphosis
· go through gradual change, no pupal change

· young appear similar to adult
· they will form wings in the adult part
· ex. grasshopper or cricket 

Complete metamorphosis

· includes 4 stages: embryo, larva, pupa, adult

· larval stage looks completely different from adult stage

· larva has different food source than adult = they don’t compete
· pupa is where it completely changes into the adult form (caterpillar to butterfly)
· ex. caterpillar eat plants (builds flight tissue), butterfly eats nectar

Deuterostome phylogeny 

· coming up to the deuterostome lineage

· now: move up on land> set of pectoral pelvic fins structures for movement and locomotion = amphibians

Amphibians and food 

Amphibia

· cold-blooded vertebrates that live on land and breed in water

· metamorphosis

· shed scales to respire through skin, don’t have waterproof skin
· inherit lungs from lung fish but mostly use the skin as gas exchange surface
· first group on land – see insects as flying protein

· leave water because of the bad conditions and they form the hinged tongue to feed on the insects
· now appendages are all connected – force is transferred to central skeletal strut

· skeletal system not perfected: lower appendages stick out sideways so stomach is on ground at rest – needs to “push up” before moving
· angulating movement where left hand forward right foot forward (opposite appendigies move)
· life cycle problem: need to go back in water

Amphibian locomotion

Pectoral girdle

· set of bones that connect upper limbs to axial skeleton on each side

· consists of clavicle and scapula in humans

Pelvic girdle

· bony arch where lower limbs are attached to rest of skeleton

· supports lower (hind) limbs
· skeletons that have appendages, anchored into vertebral column. 

· inherit positioning of limbs from fish relatives > sticking out on the side. stomach lying on ground (at rest) start to move (push up 1st) > work done just to be able to start moving. 

· supporting centre from sides (not ideal). 

· reptiles>skeleton underneath the body mass (better).
Amphibian skin 

· they are going to respire across body wall. 

· They have mucous glands all over the skin that will keep the skin moist 

· They also have poison glands to secret poison for protection since they have no scales

· Either gives them very bad taste so animal doesn’t eat them or the poison kills the animal

· Coloured skin makes warns predators

· small lungs > gulping air in and getting into the lungs.
· Limited to moist environments so skin doesn’t dry out

· NO WATER PROOFING SKIN, NO WATERPROOFING GAS EXCHANGE SURFACE, SLIGHTLY COPE WITH GRAVITY, NO WATERPROOFING GAMETES (must return to water to reproduce)
Amphibian life cycle 
· has to return to body water to lay an egg > blastula> grastula > swimming organism (tadpole)> adult. swimming to terrestrial. (2 morphisms). 

· Either lays egg in large body of water or pond or in leaves
· When they lay in small ponds there is less predation and algae is food source for tadpole

· Frogs can climb trees and lay eggs in leaves and return everyday to provide dead eggs for food
· They can keep the eggs in their mouths and tadpoles live on yolk then come out as baby frog

· They can be in the stomach where hormones released stop acid and muscle contractions and baby frog is spit out
Aminote phylogeny 
· Next innovation is the amniote egg

· Amphibians were first animals on land that have no water proof skin and no water proof gametes
Amniotes

· Include the Reptiles and mammals

· They have water proof eggs
· can leave egg on land = emergence of land reptiles

· includes mammals, reptiles, birds (amphibians still need to go back to water)

· starts as 100% nutrients, ends up as 100% organism

· key features of amniotes: waterproof skin, eggs can survive on land because of four membranes, produce urea or uric acid waste

Reptilia

· class of cold-blooded, air-breathing vertebrates with completely ossified skeleton

· body usually covered with scales or horny plates

· once the dominant land animals

· fix imperfection in amphibian skeletal system

Amniote egg

· oceans were bad place to put eggs because of predators, amniote egg allowed them to be placed on land and they were guaranteed to hatch because they had no predators at the time
· amniote egg is water filled environment the embryo lives in
· the embryo will sit inside of the amnion that is attached to the yolk and allantois
· allantois is the nitrogenous waste embryo created
· albumen > nature of protein in it > get digested = generates lots of metabolic water (food and water)

· chorion is covering layer
· all this covered by hard shell
Amnion

· innermost sac around embryo to surround and protect it

Yolk sac

· membranous structure that functions as circulatory system in mammalian embryos until heart become functional

· circulated nutrients to developing embryo in egg

· present in man: a vestigial structure

Albumen

· egg white portion of amniote egg

· produces metabolic water: provides nutrients and water to developing embryo

· Permian innovation

Allantois

· collects embryo waste, functions in gas exchange

Mass extinctions *in permian going to have largest mass extinction 

Permian period (299-245 Ma)
· During Paleozoic era (In Phanerozoic eon)

· greatest mass extinction in earth history

· nearly 96% of species died out

· land masses are coming together

· animals come on land: annelida (trochophores) and arthropoda (ecdysis – shed outer layer)

· extinction: major glaciation on Gondwana (near South Pole) lowered sea levels, killing reefs
Types of extinction

1. Background extinction
· natural extinctions
· an organism usually lasts around 10 million years

· when you have disruption, stabalizing, or directional selection, you will form new species and the old ancestor species becomes extinct 
2. Mass extinction

· When over 50% of genera go extinct 
· causes: asteroid impacts (losing favour, dinosaurs is only one), elevated carbon dioxide (flood basalts, volcanoes release methane and carbon dioxide and change water levels, gas hydrates; can cause cooling), marine anoxia, sea level changes

· surviving Permian mass extinction: plants – resistant seeds and spores, insects, small size and global distribution, generalist life style (ex. not dinosaurs)
Causes of mass extinction

1. Asteroid impacts

· cretaceous > age of dinosaurs ends. no correlation to other mass extinctions> no asteroid impact craters other than the one in yukatan. these are rare. The impact causes cooling of earth which killed dinosaurs since they were cold blooded 
· scientist going away from this idea because they are finding no correlation between impact and the other mass extinctions

2. elevated carbon dioxide 

· greenhouse gas effect. 

· getting rid of carbon dioxide= cooling = cause freezing > takes water into ice caps = sea level changes (continental shelves exposed/removed)

· flood basalts
· result of giant volcanic eruption that coats stretches of land or ocean floor with basalt lava

· have occurred on continental scales in prehistory, creating mountain ranges

· evidence that Earth undergoes periods of enhanced activity (not just a uniform steady state)

· huge tears on Earth surface – magma flows out

· likely a huge cause of extinctions

· happened whenever continents moved

· visible on continents that would have been together originally from dating the rocks
· major event that occurs during mass extinctions (way more than volcanoes)
· volcanoes

· volcanic eruptions spew out a lot of CO2 but not enough to cool the earth so scientist also going away from this idea, more towards flood basalts
· gas hydrates 

· methanogens make methane and live in deep oceans, they have been doing this for 2.5 billion year

· methane is a waste product to them,  since they are so deep in ocean and pressure is very high and temperature is very low, the methane is excreted in solid ice form where water crystallizes around the methane. these will build up and stay on ocean floor. once co2 levels decrease and ice forms, the water levels decrease and heat increases and there is less pressure on the gas hydrates so they get released and large amounts of methane and released into atmosphere

· scientists want these gas hydrates to use as fuel because it is solid form so yields more energy then gas and liquid and take up less space
3. marine anoxia

· when CO2 increases and water temperature increases

· depleted oxygen levels in waters

· possible cause of marine mass extinctions because the animals depend in the oxygen
4. sea level changes 
· falling ocean levels decrease pressure on top of these frozen methane = bubbles out in gaseous forms. 

permian such a massive mass extinction> pangea pulls apart > release huge amounts basalts. release of gas hydrates by sea level changes> changes in CO2 and O2 levels>changes in sea levels
Surviving mass extinctions 

· plants

· survive mass extinctions. because they have generalized reproduction - can self-fertilization. primitive plants: spores>small>distribute easy > regenerative pieces of plant disperse all over the planet.
· insects 
·  hardly affected. very small > highly globalized distributions. s

· ex. cockroaches (survive radiation of atomic bombs).

· small size and global distribution

· generalist life cycle 

· not too specialized (better chance of surviving). dinosaurs > extinction of large, special animals
Oviparous

· animals that lay eggs with little or no other embryonic development within the mother

· reproductive method for most fish, amphibians, reptiles, birds, monotremes, insects, arachnids


