16
17

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%

· continental plates making big transitions: starting to mass together in one location

· end of permian all together: 2nd time that this has happened (before edicaran)

· important: as they come back together > animals and plants uniformly distributed

· as it pulls apart at end of permian = speciation again

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 terrestrial environments 

* no changes on land?

Carboniferous coal forests 

· club mosses

· giant horse tails

· tree ferns 

· unusual things that we don’t see today

· massive (now tiny)

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

· successful > no recycling of these plant materials > fell over and fossilized due to large amount of CO2 in plant (no one to feed on them, no one to recycle them)

· that carbon locked into fossilized materials and not being regenerated> now being burned as coal 

· also in photosynthesis O2 is a waste so its being pumped out > oxygen content 30% (now 22%) 

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

Evolutionary trend in plant life cycles 

· going to improve plants

· addition of new type of reproduction: gametophyte being internalized in sporophyte  (originally both equal)

· > vascular tissue and addition of seed

Evolution of plant vascular tissues 

· tracheids internal lignin structure where they were attached end to end and fluid could move through. there were openings in secondary cell wall but still had cellulose

· going to create another type of vessel > completely open (no barrier between movt of liquids) > have a tube that runs from root up to top (stems, leaves) > conduit from bottom to top of the plant

Tracheids

· elongated cells in xylem of vascular plants

· serve to transport water and mineral salts

· thick walled, lignified 

· water seeps from tracheid to tracheid

Vessel elements

· one of the cell types in xylem, along with tracheids

· in angiosperms, absent in gymnosperms

· elongated, but short and wide, and they expand

· enhance water flow

Primary cell wall

· cell wall outside plasma membrane that surround plant cells

· composed of polysaccharide cellulose

· flexible extracellular matrix that is deposited while cell expands

Secondary cell wall

· structure found in many plant cells, between primary and plasma membrane

· produced after primary is complete and cell stopped growing

Lignin 

· hydrophobic

· indigestible

· bacterial and fungal lignases

· toxic 

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) ex. woody plant: grows at perimeter > produces whole new set of vessels but lignin still in old unused vessels as a support structure. elongated pyramid (smaller diameter at the top). so instead of discarding water system > build new one and old one becomes skeletal structure

· nothing can digest the lignin = fossils 

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

Lignase

· term that encompasses different types of oxidative, extracellular fungal enzymes that catalyze breakdown of lignin

· bacterial and fungal lignases weren’t always present

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

· sporangia> spores> bisexual gametophyte > sperm or eggs 

* don’t know sex until meiotic event (differentiation of gametangia) 

2. Heterosporous

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

· gymnosperms, angiosperms

- microsporangia> microspores > male gametophyte > sperm

· megasporangia> megaspores > female gametophyte > eggs 

· instead of producing massive amount of spores etc. going to see the development of seeds 

· one of the spores is going to become large (megasporangia): nutrients and materials and will stay in place. inside there we will get gamete to form

· smaller one (microsporangia): mobile (waterproof package) to find female 

Spores

· small, usually single-celled asexual reproductive body produced by plants and fungi and some bacteria

· capable of developing into new individual without sexual fusion

· a sexual spore is formed after the fusion of gametes

· adapted for dispersal and surviving long periods of time in unfavourable conditions

· non-vascular and seedless plants are homosporous: sporangium become spores become bisexual gametophyte – sperm or egg

Sporophyte

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

· diploid stage of plants, result of mitotic division

Gametophyte

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

Megasporangium

· 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

· small embryonic plant (sporophyte) enclosed in covering (seed coat – resistant) usually with stored food

· product of ripened ovule of gymnosperm and angiosperm plants (seed is zygote)

· occurs after fertilization and some growth within mother plant

· female embryonic protective device

· seed plants: egg and sperm meet internally

· seed plants are heterosporous – micro/megasporangia become micro/megaspores become male or female gametophyte become sperm or egg

· can wait before starting to grow

· 3 parts: embryo sporophyte, surrounding nutritious tissue, tough protective seed coat

· inside it the germ/embryo = baby embryonic sporophyte

· in protective case

· nutrients and materials from mother plant = when it germinates it has food reserve

· develops in female part of the plant going to grow inside the case and arrest the development as a seed then released

Gymnosperm life cycle (conifers) *pine
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> female: make egg in an ovule > megaspo[image: image1.png]


re undergoes meiosis to produce 4 products: 3 will disintegrate and one will remain its going to become the egg inside the archegonia

· early in spring = smaller ones at the bottom (temporary) > let off yellow dust (pollen) 

· after rain fall > puddles with yellow (conifer pollen) 

· male cone protected by scales developing sporangium > make male spores (equivalent to antheridium but not huge amount of division) > each spore will undergo meiosis creating 4 cells > in there 1 cell generative (pollen) going to combine  with nucleus of egg > other cells for casing to surround pollen (ex. little wings) > also a tube cell when the pollen grain lands on female part of pine cone it will make a passageway to the archegonian eggs inside

Pollen

· fine spores that contain male gametes and are borne by an anther in a flowering plant

· granular substance

· protective casing for sperm while it travels in wind for gymnosperms

Gymnosperm ovule 

· megaspore = 1 mitotic split = 2 products 

· hiding and sitting inside tissue of sporophyte parent and only 1 opening 

· base is where ovule is

· releases water and lands on it and evaporates which will draw it to the base and will land on top of opening of the megaspore (micropyle)

· tube cell will create a tube and mine the tube so the generative cell can move to the egg (pollen ends up on surface of megaspore and pine cone closes up and pathway to egg)

· embryo starts to develop but still surrounded by content of megaspore

· nutrient rich structure, nucleus inside it

· solved part of issue of water conservation. sperm to egg in waterproof environment and also encased to protect embryo

· cones open up and shed seeds after 2 yrs

· still making huge amounts of pollen (later: flowering plants> pollen carried to plant by another animal so they can conserve pollen)

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

· carboniferous> association between plants and fungi > nutrient uptake

· fungi: breakdown lignin (mycelia and hyphae) > get between cellulose walls digest cellulose mobilize nutrients (joined by bacteria to breakdown lignin) 

· also very different from plants 

· using unique type of feeding (absorption) > use acid that they secrete in the env > breakdown cellulose walls (mineralize rocks)

· chitin > resistant to acid digestion 

Unique fungal terms

- septa, hypha, mycelia 

Hyphae

· long, branching filamentous cell of a fungus

· main mode of vegetative growth – absorb nutrients at tips, apical growth at tips

· collectively called a mycelium

· not found in yeasts because they are unicellular fungi

· unique architecture> each cell: end to end with adj cell > septa of chitin between but septa perforated no barrier from cytoplasm to the next (transport mechanism based on flowing cytoplasm that can move between hyphae) > larger structure = mycelia

· disperses this all over the environment

More fungal terms 

1. Plasmogamy

· stage of sexual reproduction in fungi

· when cytoplasms of two parent mycelia fuse without fusion of nuclei

· secondary mycelium forms

· going from asexual to sexual reproduction

Dikaryotic

· mycelium or spores with two sexually compatible nuclei per cell

· common in basidiomycota and Ascomycota

* n+n ; not diploid until they are fused 

2. Karyogamy

· fusion of nuclei of two cells that occurs at fertilization during sexual reproduction of fungi

· process by which two haploid nuclei come together and fuse to form diploid nucleus

· allows for successful genetic recombination

· 2 fungi meet but don’t fuse = n+n not 2n, keeps growing but eventually (at karyogamy) nuclei fuse = zygote

3. Meiosis: haploid cells 

· normally: haploid (haplontic) > nucleus (n) and (n) combine > normally become zygote (2n)> fungi don’t do this 

Typical fungal life cycle 

· fuse nuclei to get a zygote that will go through meiosis to make spores

· take advantage of meiotic recombination for genetic variability happens variably)

· fungus spends time growing of network of fibres/filaments because when it makes spores it will put them into reproductive structure [image: image2.png]


(mushroom) > inside there are cells that have gone through karygomy and can now make spores > get it up and out of the ground > filaments (mycelia cells) pump water > inflates the preformed fungal head (mushroom) that are growing in the ground 

Two major fungal types

1. Basidiomycota

· fungi bearing spores on basidium

· includes puffballs, smuts, rusts, mushrooms we eat

· second largest phylum under kingdom Fungi

· have lignin

· enzymes to digest cellulose and lignin

Basidium

· small club-shaped structure with 4 basidiospores at end of minute projections – they bud off

· unique to basidiomycetes

· sexual spore-forming structure, club-shaped

· base of basidiomycota, attached to hyphae

2. Ascomycota

· largest phylum under kingdom Fungi

· produce ascus – spores 

· also called ascomycetes or sac fungi

· fungal mutualism – roots of a plant intertwined with fungi filaments, can enhance growth of plant and fungi

· saprophytes – important in breakdown of cellulose

Ascus

· sexual spore-bearing sac-like cell produced by ascomycete fungi

· each ascus has 8 ascospores produced by meiosis and then mitosis

· asci fuse together

· rod shaped

Ascocarp

· the mature fruiting body (sporocarp) of ascomyte fungus

· consists of tightly interwoven hyphae and millions of asci (ascus), each with about 8 ascospores

· “cup fungi”

Basidiomycota life cycle 

· underside of gills of mushroom > spores that have fallen back out (small and light enough to be carried to new locations and hit the ground = divisions = fibre network > when conditions are right go through karyogamy)

· managed to tap into lignified materials no one else has been able to > breaks down lignin> carbon recycling

Fungal mutualism 

· fungi play imp[image: image3.png]


ortant role to provide plant nutrients (mutalism)

· fungi can with acid digesting ability produce essential minerals of life for plants (iron, calcium, magnesium for ex.)

· association = old 

· getting large amounts of soils

Types of fungal mutualism 

1. Ectomycorrhizal fungi (EMF)
· 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

· EMF forms sheath around root tip of plant

· inward growth of hyphae penetrates plant root structure

· extracellular

· invade spaces between cells > pass minerals to plant cells and plant cells gives sugars to fungi

2. Arbuscular mycorrhizal fungi

· type of mycorrhizal where fungus penetrates cortical cells of roots of a vascular plant

· plant gets invaded by fungi

· arbuscule: exchange surface between plant and fungi

· lump of fungal tissue in plant cell > fungus invades plant cells and supplies it with minerals and the plant gives it organic carbon

Fungi - Lichens 

Lichen

· composite organism that consist of symbiotic relationship between fungus (mycobiont) and photosynthetic partner (photobiont - usually green alga or cyanobacterium)

· fungi gives plant inside lichen nutrients, plant gives organic matter

· secretes acid to break down rock into soil – place for plant growth

· reproduce asexually

· unique about this group: symbiosis between plant and fungus

· uses hyphae and mycelia to weave protective case and has algal cells (able to carry out photosynthesis)

· lichen sitting on rocks dissolving rocks to provide to algae and algae provide to fungi

· becomes dormant when dry

· trench in rock

* 2 major groups  > arthropods  and group that will come up on land (chordata)

Arthropod

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

· ex. insect, spider, crab

· ¾ of today’s living animals

· Must undergo ecdysis of shell

Insect external anatomy (tamatization)

· take segmented body plan and pool them into tagma/body regions

· has 3 tagma: head (sensory input, food acquisition/feeding), thorax (locomotion- has legs on it, 3 pairs of legs, 2 pairs of wings on middle and last segment of tagma, muscles), abdomen (bodily functions - ex. reproduction)

· fuse segments together that do similar tasks 

Segmentation

· body plan is divided into a series of semi-repetitive segments

· ex. earthworm

· each segment is an independent hydrostatic skeleton – can change diameter of each segment individually

· body wall of segment has epithelium and 2 kinds of muscle

Head

· part of body plan in front of thorax and abdomen of insect

· includes antennae, compound eye, mouthparts

Abdomen

· region of body of vertebrae between thorax and pelvis

Insect movement- Flight and wing folding mechanism

· major change is flight- 1st organisms to fly (crawling on land but then acquire flight)

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

· only group that will be able to catch them: spiders (silk thread) 

· high oxygen levels good for insects 

· need to waterproof the surface

Cuticle-exoskeleton 

Exoskeleton

· external skeleton that supports and protects animal’s body

· usually in invertebrates

· includes bony or horny parts like nails, scales, hoofs

· ex. insects and arthropods

· needs to moult and grow new exoskeleton (ecdysis)

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

Procuticle

· major portion of exoskeleton of insect and other arthropods

· exact composition differs between taxa

· bulk of cuticle

· chitin fibres in protein matrix give strength and support to skeleton

· chitin fibers embedded in protein (not waterproof)

· strength 

Epicuticle

· outermost portion of the exoskeleton of insect and other arthropods

· composition and structure differs between taxa

· provides waterproofing

· waxes/lipid

· series of waxes and cement and secrete to the surface (can buy this: silak as a wood finish)

· problem: what about gas exchange surface?

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

· set of spiracles that go through body and become smaller and smaller until they become tracheoles

· tubes to tracheal tissue

· mitochondria in spiracle and beside it tube of tracheole

· system works because waterproofing on trachea and at very end is where gas will move across 

· why does it work? insect opens spiracle (21% O2) > and gases diffuses quickly > close this and where there’s metabolism occurring o2 being used up = concentration gradient (21% outer and getting lower inside)

· as soon as it gets low spiracle opens

· diffusive distance results in their size (small) but since O2 level in carboniferous (30%) > can be bigger 

· what about issues of mating?

Insect reproduction 

· mechanical isolation > male and female parts go together

· waterproof skeleton allows them to shape together

· package sperm in spermatophore and pass to female

· then insert spermatophore

· over time lock and key

· physically can’t for other species (speciation)

· female stores in seminal receptacle> produces egg with waterproof shell > have to get sperm inside 

· 1 opening to the egg

· as egg goes in front of seminal receptacle > female releases sperm and finds egg and penetrates > fertilized and door shuts > embryo protected in waterproof shell

Spermatophore

· capsule created by males containing spermatozoa and transferred entirely to female’s ovipore during copulation

· jelly-like substance produced by male amphibians in reproduction, deposited on ground or in water by male amphibians and picked up by females

· “sperm packet” exchanged in mating – given to female, stored in seminal receptacle

· Early insects: dropped it on ground, lured female in

· After copulation: stored in female, then enters egg through pore

Seminal receptacle

· stores received sperm in female

Seminal vesicle

· either of a pair of glands located on either side of male urinary bladder that open into vas deferens and secrete some components of semen during ejaculation

· stores sperm in male before being released for female

Insect metamorphosis 

Metamorphosis

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

· conspicuous and abrupt change in animal’s body structure through cell growth and differentiation

* 3 different life cycles in insects 

1. Ametabolous metamorphosis

· growth stage of certain insects characterized by an increase in size without distinct external changes

· ex. silverfish

· keeps moulting all the way through life, no wings 

· 2, 3 = winged 

2. Incomplete metamorphosis

· mode of development of certain insects that includes three distinct stages: egg, nymph, adult/imago

· go through gradual change, no pupal change

· young appear similar to adult

· ex. grasshopper or cricket 

· cockroaches > immature stage resembles adults except don’t have wings

· eat same thing. as they grow, can’t immediately have reproductive structures. switch on when you become an adult. produce adult tissues

Complete metamorphosis

· type of insect development

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

· larval stage looks completely different from adult stage

· larva has different food source than adult = they don’t compete

· ex. caterpillar eat plants (builds flight tissue), butterfly eats nectar

· pupa, cocoon > secret to their success > immature feeds on something different than the adult. 

· rearrangement of animal in resting pupil stage. provides nutrients necessary to rebuild completely different organization (makes adult tissues in resting stage)

Larva

· immature free-living form of more invertebrates, amphibians and fish which at hatching from the egg is fundamentally unlike its parent and must metamorphose

· wingless, resemble caterpillar or grub

· eats different nutrients than adult – not competition, eats nutrients to build adult structures (ex. wings)

Pupa

· insect in inactive stage of development, not feeding

· intermediate between larva and adult

· undergoing transformation

· only found in insects that have complete metamorphosis

Deuterostome phylogeny 

· coming up to the deuterostome lineage

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

· 1st terrestrial were insects and spiders 

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

· first group on land – see insects as flying protein

· may have gone on land because of dry pools

· 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

· life cycle problem: need to go back in water

· develop a way of feeding that is unique > use tongue in unique way to capture insects

· sticky tongue, hinged at the front

· huge diversity of flying insects on the planet (herbivores which turn low nutrition plant food into protein = good food source). 

· amphibians > taping into a new food reserve. ensures their success

· but what about waterproofing, skeletal system, sperm transfer to embryos?
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. 

· period with moist damp env > still breath across body wall. no real pressure on them to waterproof body wall. 

· instead> gland system > secrete moisture on body wall for gas exchange. keep skin moist at all times because this is where they are breathing. 

· small lungs > gulping air in and getting into the lungs.

· animal with naked skin (no scales like fish) > easy to credation from other organisms > take ability to secrete > poison. 

· some are most poison toxins in the world. ex. coloured tree frogs > really intense toxins in skin (protective colouration to warn individuals not to feed on them). 

· restricted to moist env.
Poison glands

· secrete toxins from skin that are mildly poisonous

· mechanical protection (scales) disappeared when on land, replaced with chemical protection

Mucous glands

· give amphibians slimy feel

· moistens skin, optimizing oxygen absorption

· thin layer of protection

Amphibian life cycle

* not advanced embryo protection either. 

· has to return to body water to lay an egg > blastula> grastula > swimming organism (tadpole)> adult. swimming to terrestrial. (2 morphisms). 

· why do we have amphibians?  neither a fish, or successful terrestrial animal. moist humid env (large areas of tropical forest, moist soils)> able to cope during this time. no one else there to prey on them.
Aminote phylogeny 

Amniotes

· tetrapod vertebrates with terrestrially adapted (waterproof) egg

· can leave egg on land = emergence of land reptiles

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

· amniote egg has holes in amniote (fluid filled sac that surrounds egg) for oxygen

· 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

· whole group of organisms make appearance during permian.

· solve issue of embryo (egg and sperm). get name > produce amniote egg

· reptilian and mammal lineage 

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: predators, herbivores, carnivores, evolving for a long time, larval stages, embryonic stages, etc.

· if you can manage to get eggs up on land and provision them adequately = no predators 

· but to leave eggs: criteria = developing zygote and embryo in liquid env

· create by amnion membrane and fluid in it

· fertilize egg > cell divisions > in bag of water that mimics ocean

· closed env > needs food > yolk membranes surrounds yolk (food)

· albumen > nature of protein in it > get digested = generates lots of metabolic water (food and water)

· embryo metabolizing in there is making toxic waste (nitrogenous waste) > have to deal with this. 2nd membrane = allantois > partition and put toxic wastes. don’t want to contaminate yolk, albumen, amniotic fluid. 

· another membrane: chorion = make protective egg shell. with shell = gas exchange surface. other surface = gas exchange
Amnion

· innermost sac around embryo to surround and protect it

· in higher vertebrates

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

· the vascular foetal membrane below chorion

· develops from hindgut in many embryonic higher vertebrates (reptiles, birds, mammals)

· third bag in amniote egg

· collects embryo waste, functions in gas exchange

Chorion

· outermost membranous sac enclosing embryo in higher vertebrates

· formed by extraembryonic mesoderm and two layers of trophoblast

· protective and nutritive

· insect egg shell

· has microphyle: one opening in egg for sperm to swim in (gets in while egg is still in female)

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
· normal extinction rate

· continuous, low-level extinction of species

· standard rate of extinction in earth’s geological and biological history before humans became primary contributors to extinctions

· compared to mass extinction

· overtime species disappear > gradual loss of species all the time due to this. these make sense > think about salamander speciation > losing species as others change and adapt to environments.
2. Mass extinction

· a sharp decrease in total number of species in a short period of time

· Permian: all marine

· catastrophic, widespread perpetuation where species get 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)
· loss of 50% or more of major taxa that are there. (5 big ones)

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

2. elevated altered 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. 

· end of permian africa moving away from south america = tear flood basalts = massive greenhouse gas release 

· iceland = small event > disrupted global environment = issues in agriculture (beginning of medieval ages)

· major event that occurs during mass extinctions (way more than volcanoes)

· volcanoes

· over time have opportunities to study large volcanic eruptions > they don’t spew out enough green house gases to bring lost of changes to cause mass extinctions. blow up and send debris and material, little evidence of debris in geological evidence.

· gas hydrates 

· crystalline water-based solids that look like ice, in white small non-polar molecules (gases usually) are trapped inside

· at the bottom of ocean

· if they move up: ice slowly melts because temperature close to surface is hotter, exposes gases

· gases get to atmosphere and change atmospheric content (ex. elevated carbon dioxide)

· results in extinction

· 20-30 yrs. deep sea explorations. energy companies interested in. methanogen gases produced by extremophiles have been trapped. pressure in water column = solid form.

3. marine anoxia

· depleted oxygen levels in waters

· possible cause of marine mass extinctions
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. consequence: tremendously devastating. but they are survivors. 

Pangea

· plate tectonics

· hypothetical continent including all the landmass of earth prior to the Triassic period when it split to Laurasia and Gondwanaland

· existed about 200 million years ago in Paleozoic and Mesozoic eras

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 change of surviving). dinosaurs > extinction of large, special animals

· with each mass extinction > creative force still at the bottom, still there > diversify back the big animals

· every possible way a mass extinction could occur happened during the permian (except asteroid)

extra keywords 

Archegonium

· multicellular structure or organ of gametophyte phase of certain plants

· produces and contains ovum or female gamete
Circular muscle

· outer layer of muscles of earthworm

· when contracted: diameter of body is reduced, makes worm thin

· contractions of earthworm muscles resembles peristalsis of oesophagus

· earthworm has setae – bristles to stick

· moving: push soil with mouth open – eat dirt, extract nutrients

Clitellum

· thickened glandular section of body wall of earthworms and some other annelids

· secretes a viscid sac in which the eggs are deposited

· slides along the body, over the head, closes completely around eggs

· when slid off: dries, waterproofed, eggs hatch

Hermaphrodite

· one having both male and female sexual characteristics and organs

· possesses both sperm and ovaries

Heterokaryotic

· two or more genetically different nuclei share one common cytoplasm

· occurs naturally, ex. in mycelium of fungi in sexual reproduction

· opposite of homokaryotic

Hydrostatic skeleton

· structure found in many cold-blooded organisms and soft-bodied animals

· consists of fluid-filled cavity, coelom, surrounded by muscles

Internal fertilization

· done through copulation in mammals

· insertion of penis into vagina

· some other higher vertebrates reproduce internally, but fertilization is cloacal

Longitudinal muscle

· muscles running the length of the organism

· contraction shortens the organisms

Lophophore

· characteristic feeding organ possessed by 3 major groups: Brachipoda, Bryozoa, Phoronida

· found in aquatic organisms

· feeding organ with tentacle-like structure that carry food into mouth

· also for gas exchange

Lophotrochozoa

· a major grouping of protostome animals

· ex. molluscs, annelids

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

Pollen tube

· slender tubular outgrowth from a pollen grain when deposited on the stigma for a flower

· penetrates the style and conveys male gametes to ovule – a conduit to transport sperm cells from pollen grain to ovule tissue for fertilization

· grows to the egg

Trochophore larva

· free-swimming marine larva characteristic of most molluscs, some marine worms

· synapomorphy of trochozoa

· band of cilia for locomotion: one pre-oral and sometimes one behind mouth

· need to metamorphose to adulthood


