Carboniferous

In the ocean: survivors represent same phyla as seen before (ex. molluscs, echinoderms, sharks...). The biggest changes are the plants in terrestrial environment. Carboniferous is time of massive primary productivity. Will start raising the oxygen levels in the atmosphere. 

Carboniferous coal forests:
· Club mosses
· Giant horse tails
· Tree ferns

Evolutionary trend in plant life cycles:
· 1st had green algae where sperm swam to egg
· Then had bryophytes (mosses) start to see gametophyte supporting the sporophyte
· In the ferns, see one green plant that undergoes metamorphosis on its own
· Next will come the gymnosperms where a case for the sperm is made (pollen) which will move through the air to fertilize

Evolution of plant vascular tissue:
 started with the ferns which had cell connections between cells that grew end on end on end called “Plasma-desmata”. The cells are supported by lignin and are hollow and connected by opening between them. They connect directly to the leaves and directly to the roots. This becomes the water transport system of the plant.
What they rely on: evaporation up at the top will pull the fluids up through the plant through the vascular tissue from the roots.
As the lignin dies, it becomes a reinforcing structure for the plant. 

Lignin
· Hydrophobic – repels water. Water does not react or stick to the lignin so lignin is the perfect wall for the vascular tube walls
· Indigestible – cannot be broken down. Consequence of this is there’s no recycling of the plant tissues of the carboniferous. This is why they fossilized and became coal.
· It is a bacterial and fungal toxin – won’t get anything growing inside the vascular system.

Two groups that will end up being able to break down lignin  bacteria and fungi





Transition from spores to seeds:

Going to start to see a switch from spores that you don’t know whether they’ll make sperm or egg (Homosporous) because they come from the bisexual gametophyte, not distinguishable from each other...
TO plant produces microspores which produce sperm (to be packaged in waterproof pollen) and megaspores that produce the eggs. (Heterosporous)

Seed consists of:
· Embryo (the sporophyte) surrounded by...
· Nutritive tissue and...
· Protective seed coat

Gymnosperm life cycle (Conifers – Christmas trees)

Yellow cones  the male cones (at bottom of tree) which houses the sporangia
Big pine cones  female cones (at top of the tree)

· The male cone houses the sporangia
· The sporangia makes microspores which consists of four cells
· These four cells do not separate from each other
· They take on two different roles:
· 2 of them become the nuclei that are going to be used for fertilization
· 2 of them make the protective case that will become the pollen that surrounds the other 2 haploid nuclei
· The megaspore undergoes meiosis and only one product is kept
· That megaspore turns itself into an archegonia inside the female cone
· The pollen gets picked up by the wind and find the megaspores
· The scales of the female cone open, the pollen sticks to the scale, the scale closes trapping the pollen inside
· Fertilization of egg inside occurs
· Undergoes mitotic divisions to become embryo
· (Takes two years in conifer)
· Cone opens, drops the seeds that contains the embryo
 Have waterproofed and internalized the gametophyte stage of the life cycle









Fungi

· Are strands of cells that are linked end to end with incomplete septa in between the cells
· Cytoplasms are in communication down the whole length of the fungal hypha
· Hypha – a string of fungal cells
· Hypha wrapped around each other become mycelia
· Restricted to moist environments because of their large SA
· Secrete enzymes to break down plant tissue and organic material and use it as a food source

 When the first fungi come along and have lignases to break down lignin of plants, they do this by spreading their hyphae all over the surface of the plant, sending out lignases to slowly digest everything and they are saprophytic, absorb the nutrients from the plants externally.

*Note: Fungi spend most of life in haploid state.
*When they do form diploid state, the two haploid nuclei usually do not fuse

Fungal life cycle
· Fungal spores settle to ground, undergo mitosis to form hyphae that branch and form mycelia
· Every once in a while, fungi from two different individuals meet and two cells from each individual species fuse (cell wall is dissolved in between)...now there are two separate haploid nuclei in that one cytoplasm  Plasmogamy
· Called heterokaryotic or dikaryotic cells (n+n)
· Then sometimes these 2 nuclei fuse and form diploid zygote  Karyogamy
· This zygote becomes a structure that can produce spores
· Divides with meiosis and makes four spores...

Basidiomycota (mushroom) life cycle
· Dikaryotic mycelia will start to bunch and bundle into what becomes the “fruiting body”...wait for really moist conditions
· The rest of the surface area absorbs the water in moist conditions, transports it down the length to the dikaryotic mycelia and inflates the mushroom. 
· In the fruiting body, there are dikaryotic cells that undergo fusion to form zygotes, which undergo meiosis and make spore bodies. 
· When mushroom is ripe, the millions of spores located in the fruiting body get blown away in the wind.




 Fungal Mutualism - Plants and fungi have been evolving together all along 

Every plant has 1 of 2 types of fungal mutalism:

1) Ectomycorrhizal fungi (EMF)
· Fungi forms mycelia all over the roots of the plant
· Invade the spaces between the plant root cells
· The fungi can absorb and break down minerals from rock and supplies these minerals to the plant
· Plant provides fungi with sugar (glucose) to provide it with energy

2) Arbuscular Mycorrhizal Fungi (AMF)
· Invade the actual plant’s root cells
· Probably occurred very early on, ancestral relationship

Lichens
· Represent one of the first associations between plants and fungi
· Unique symbiosis
· Lichen wrap its fungal tendrils around algal cells
· Providing the algal cells with nutrients and the algal cells are carrying out photosynthesis and providing the lichen with sugars
· Can dry out completely, but when water is added it will come back to life (probably reason they have survived for so long)


 One group of animals that came up on land before carboniferous: Insects

Insect External Anatomy
 Tagmatization: cluster segments for specializations
· Head region contains feeding structures and sensory structures
· Thorax: purely locomotory. Has wings and 3 pairs of legs.
· Abdomen: Fusion of segments that contains ovaries and digestive system

 Most important thing: they acquire flight.
· Can now disperse to areas where there are no other animals and feed on plants no one has fed on. Can disperse to lay eggs, can disperse to mate. 
 Insects feed on the reproductive structures (sporangia) of the plants

Waterproofing:
· Divide cuticle into two pieces:
· Procuticle – where chitin is for strength and rigidity of exoskeleton
· Epicuticle – waterproofs an insect. Consists of waxes and lips and crosslinked proteins. (Ex. shellac) 

Insect Tracheal System – Breathing
· On waterproof casing, have openings called spiracles
· Spiracles lead to two tubes that are big and get smaller and smaller.
· The trachea are lined with the waterproof surface
· These trachea take air all the way into the interior of the insect body in waterproof pipes so there’s no water loss along the way
· At the end of the tubes, at the tracheoles, the waterproof surface is shed to allow for gas exchange
· Oxygen gets supplied directly to the mitochondria
· Oxygen is constantly flowing in down concentration gradient
· This means that in their flight, insects never go into anaerobic respiration, but this does limit their size because they need direct oxygen

Insect Reproducion
· Put a waterproof shell on their egg – called chorion
· One opening made in the chorion which is big enough for the sperm to go through and fertilize the egg inside
· Now, have waterproofed the egg and sperm transfer!

 Developed metamorphosis
· Complete Metamorphosis – have an intermediate stage
· Maggot turns into fly
· Caterpillar turns into butterfly
· Larval stage feeds on completely different food than adult stage
· Caterpillar feeds on leaves, butterflies feed on nectar
· Incomplete metamorphosis – only way to distinguish an immature from a mature is the presence of wings. Adults and larvae feed on exactly the same food source.
· [bookmark: _GoBack]Ametamorphosis/ametabolous (hemimetabolous) – insect has no wings, just gets bigger and bigger until finite size.

Summary: have waterproofed body with epicuticle, have internalized a unique gas exchange system to minimize water loss, have waterproofed the egg, have developed a new form a locomotion (flight)  take off in numbers.









Amphibians

 fish come up on land to escape oxygen poor waters
 1st ones to feed on insects

Unique way of feed: Tongues are hinged in the front. Flip the tongue and forward and fire out their tongues to trap insects flying around with sticky part at the end.

Amphibian locomotion
 develop the Tetrapod stance/skeleton, new way to combat gravity
· Have a bony skeleton with two sets of limbs (fore and hind, pectoral and pelvic)
· These limbs are attached to the axial skeleton with a girdle of bones.
· Able to do a push up to get stomach of the ground, lifting the whole body.
 fins have become a set of limbs on both anterior and posterior 
 Limbs are attached to the axial skeleton by a set of bones calls a girdle
 Pectoral girdle (anterior) and pelvic girdle (posterior)
 Have sinusoidal movement like fish ancestor except can walk

Amphibian skin
 do not solve problem of waterproof body surface/skin for water loss

· Amphibians breathe through their skin, so their body surface must be kept moist
· Mucus glands keep the skin moist
· Poison glands are used to secrete poisons for protection because they don’t have any scales or other form of protection to protect against predators

Amphibian life cycle
 did not solve problem of fertilizing egg with sperm that must swim to it
 all amphibians must return to a water environment so that the sperm can swim to the egg to fertilize it...does not always have to be open water, they have all kinds of creative ways of finding a “water/moist environment”.


Amniodes
 include turtles, snakes and crocodiles, dinosaurs, birds and mammals

Amniote Egg
 how the vertebrates solve the issue of keeping the embryo in a moist environment.

· Wrap it in a shell, a chorion 
· The chorion contains a special environment called an amnion
· Amnion – fluid filling sac in which the fertilized zygote is undergoing embryogenesis. Creates a mini aquatic environment in which the embryo can grow. 
· Nutrient Supply: yolk, albumen (protein that produces water)
· Has a second membrane – allantois – where all the wastes made by the growing embryo are put. 
*Shell is not made by the chorion until the egg is fertilized (unlike the gymnosperms).


MASSIVE EXTINCTION: End of the Permian
 Biggest extinction ever

Mass extinction definition – a removal of 50% of the biodiversity of the planet
*Extinctions are always going on. These are called background extinction

Causes of Mass Extinctions:
· Asteroid impacts (cause of dinosaur extinction – end of Cenozoic)
· Make lots of dirt and dust that cloud planet and cut down on primary productivity. Little evidence to support this. 
· Elevated Carbon Dioxide – can occur in three different ways
· Marine anoxia (lack of oxygen in the water, cause of elevated carbon dioxide)
· Sea level changes

Causes of elevated carbon dioxide:

1. Flood basalts
Ruptures in the earth where magma comes up from the ground over thousands of square miles. Ex. one huge one in Siberia area
Massive venting of greenhouse gases.

2. Volcanoes – amount of carbon dioxide that comes out from volcanoes is nothing near the amount from flood basalts

3. Gas hydrates
At the bottom of the oceans there are methanogens. As they make methane, because they’re in such deep water, the pressure of the water crystallizes the methane gas into gas hydrates – slush or ice of water and methane gas. When tied with sea level changes and warming of the oceans, the frozen methane then are turned into methane gas which are released into the atmosphere and are much worse greenhouse gases than carbon dioxide.

 At the end of the Permian, all of these things (except for the asteroids) happened to make the biggest extinction ever!
Survivors of Mass Extinctions

· Plants – Allow for dormancy and spores
· Insects – Related to the small size of these organisms, therefore globally distributed (there will be a survivor somewhere!)
· Small size, simple (generalist life style) organism and global distribution all characteristic of survivors
· Multicellular, highly specialized vertebrates disappear.






p—

It s st et st o s s
e e o e

o

Tl e s e st
e
I s s et s s
e b s o e e e
i o o e e

Sttt —— o
oy e e e oy e e e s S S
e T et v e

Wty oo ool he oo et

o
(P R—————
i w o e i e
© e o e Gt
PR rr SRR ———

N ———



