Organismal Biology Final Exam Review
Speciation
Species Concepts:
Biological species
· a group of organisms that can successfully interbreed and produce fertile offspring
*Problems:  - interbreeding only applies to eukaryotes and not prokaryotes
	        - we can’t apply this to fossils (the fossil record)
Ecological species 
· a group of organisms that share a distinct ecological niche (habitat)
Phylogenetic species
· a group of organisms bound by a unique ancestry (evolutionary trees)
· at the tips of the tree where no further branching occurs, we have a phylogenetic species
· EXTREMELY PROBLEMATIC
Morphospecies
· the idea that all individuals of a species share measurable traits that distinguish them from individuals of other species
· in other words, an organism that is so different that its morphologically different and therefore it is its own species
· the names of species is subjective in morphospecies
ALL 4 concepts fail to solve problem with prokaryotes
Biologists cannot decide exactly what a species is and therefore they tend to use all the concepts to isolate a species
*  NO UNIVERSAL WAY TO DEFINE A SPECIES
Elaphe oboleta (rat snake)
· ecologically isolated
· they can however interbreed
· in the zone of mixing we get SUBSPECIES (in the process of becoming a new species)

Salamander
· the coastal one adapted to appear similar to the toxic nute (bright red) *Advantageous
· the valley one was forced to camouflage (black with yellow spots) to avoid predators (they would hide in leaf litter)
· the salamander can interbreed and therefore we must call these subspecies
· the hybrids are LEAST likely to survive (neither red nor splotchy) and they are not viable
* DOGS ARE SUBSPECIES OF WOLVES (THEY CAN INTERBREED)

Reproductive isolation (bio species concept): 
· this mechanism is a characteristic that prevents the gene pools of two species from mixing even when they are sympatric (occupying the same spaces at the same time)
Prezygotic isolation
Ecological
· species living in the same geographic region but in different habitats
· therefore they are unlikely to go out of their environment
· ex- lion-tiger hybrids are ulikely
Temporal
· species that live in the same habitat but with mating events that occur at different times (different seasons, or even different times of the day) may experience temporal isolation 
· ex: fruit flies- one species mates in morning, another in the afternoon
Behavioural
· behavioural isolation results when the signals used by one species are not recognized by another
· two species do not mate because of differences in behaviour
· ex: fireflies flash each other with signals of different pulses
Mechanical
· occurs when differences in the structure of reproductive organs or other body parts prevent interbreeding of species
· ex: plants usually only allow certain pollinators (certain insects)

Gametic
· incompatibility between the sperm of one species and the eggs of another may prevent fertilization
Postzygotic isolation
Hybrid inviability
· results when developmental programs of the two parent species are incompatible
· these resulting organisms frequently die as embryos or at an early age
Hybrid sterility
· hybrids that can develop into healthy adults but are unable to produce functional gametes
· ex: mule
Hybrid breakdown
· happens when hybrids are fully fertile and healthy, but their offspring exhibit reduced fitness

Allopatric speciation (2 types)
1. Vicariance
· occurs when a physical barrier subdivides a large population into two or more units
· this barrier can be caused by hurricanes, uplifting mountains or land masses
2. Dispersal
· occurs when a small population becomes separated from the species’ main geographic distribution
· This separated population will often differ genetically from the central population because they are adapted to somewhat different environments
· the accumulated genetic differences can lead to reproductive isolation
· ex: populations on oceanic islands (individuals from one island may colonize another and they may differentiate into distinct species) – evolution of species cluster
* Second contact
· allopatric speciation may re-establish contact when a geographic barrier is eliminated 
· provides a test of whether or not the populations have diverged into separate species
· hybridization outcomes: fusion (if they didn’t differentiate much during separation they will interbreed and merge), creation of new species (if they have differentiated enough to become reproductively isolated), hybrid zones (some members of each population mate, producing viable and fertile offspring)
Parapatric speciation
· occurs when a species is distributed across a discontinuity in environmental conditions so that natural selection favours different alleles and phenotypes on either side of the discontinuity
Sympatric speciation 
· occurs among subgroups of a population
· neither geographic nor reproductive isolation is necessary for sympatric speciation to occur
· changes in diet, behaviour, or chromosomes can cause it
· ex: insects feeding on different sized seeds, one feeds on small and one feeds on big
Polyploidy and speciation:
Autopolyploid 
· diploid (2n) individual may produce tetraploid (4n) offspring, each with four complete chromosome sets
· this occurs through an error in mitosis or meiosis
· these unreduced gametes do not have reduced chromosome numbers
· tetraploids can also arise from the fertilization of a diploid pollen with diploid ovules of self-fertilizing plant or with the diploid eggs of another plant with unreduced gametes
· these tetraploid offspring can reproduce by self-pollination or by breeding with other tetraploid individuals but cannot produce fertile offspring by hybridizing with its diploid parents
Allopolyploid
· two closely related species hybridize and subsequently form polyploidy offspring
· a hybrid mating between two species followed by a doubling of chromosomes during mitosis in gametes of the hybrid can instantly create sets of homologous chromosomes
· self-fertilization can then generate polyploid individuals that are reproductively isolated from both parent species
· ex: wheat (hybrid of 3 plants)


Organizing the Living World
Classification
· an arrangement of organisms into hierarchial groups that reflect their relatedness
· ex: postcards, arrange by country
Taxonomy
· the identification and naming of species and their placement in a classification
· set of rules for organizing things you collect
Systematics
· the rule that you use to organize
· if the rule is evolutionary descent, then systematics shows the common ancestors and evolutionary relationships between the different groups.
Hierarchial
· arranging organisms into more inclusive categories (family, classes, phyla....)
Types of taxonomies:
Folk taxonomy
· when the spoken word was the only way that the classification and its rules were passed between generations
· no matter when and where they live, people around the world have used folk taxonomies to organize a variety of different things including the natural world that surrounds them
Artificial (ancient) taxonomy
· Plato and his students Aristotle and Theophrastus
· wrote down information contained in the folk taxonomies compiling lists of living things (Aristotle-the animals, and Theophrastus-the plants)
· these ancient greek texts were passed between generations and translated (to latin and Arabic)
Mechanical taxonomy
· Linnaeus took the long descriptive lists and reduced every unique organism in the list to a name with two parts (binomen). Latin noun with adjective.
· he also organized the plants and animals in his SYSTEMA NATURAE into categories contained within larger groups- a hierarchial system.
· this was the end of ancient taxonomies and the beginning of mechanical taxonomies based on the physical characteristics of the organisms being classified
· Linnaeus used similarities in appearance when grouping his organism’s characteristics
Natural taxonomy 
· traditional/classical taxonomy
· begins when Darwin published his works that outline evolution and his idea that different organisms descend from common ancestors. Organisms in a taxon should all have the same common ancestor and the ordering of the taxa should reflect the evolutionary relationships between the different groups
· Anatomical characters were used and organisms that had similar functional structures were assumed to have the same ancestor in the distant past
· Often two animals function, or look the same but don’t have a common ancestor
· Traditional taxonomists often argued over which types of characters were better than others for unwinding evolutionary sequences and depending on what was used the results changed. There was a bias in the system and for a brief period of time it was hoped that taking hundreds of physical measurements from different organisms representing different species and plugging then into a computer would solve the problem
· Computers weren’t finding the inherent patterns of descent and phonetic(numeric) taxonomy lived a short life
Phylogenetic (cladistic) taxonomy 
· Henning
· the problem of bias remained
· What are valid homologies, what are the homoplasies from convergent evolution, and are some of these more important than others in determining the evolution of organisms. The solution came with cladistics (phylogenetic systematics).
·  In this technique biologists try and find characters that have ancestral and derived conditions.

Representing groups of animals:
Dendrograms
· look like trees
· like the scala naturae
· has biases in terms of placement of organisms
· doesn’t show evolutionary relatedness
· separates terrestrial from aquatic
Cladograms (Phylogenetic trees)
Cladistics
· produces phylogenetic hypotheses and classifications that reflect only the branching pattern of evolution
· ignores morphological divergence
Clade
· a subset of organisms within a group that all have the same shared characters
ancestral character: old forms of trait (plesiomorphic)
derived character: new form of trait (apomorphic)
Anatomy of a cladogram:
Outgroup comparison
· can be used to identify ancestral and derived traits because it compares the group under study with more distantly related species not otherwise included in the analysis
· ideally the outgroup should be a monophyletic group sharing a direct common ancestor with the ingroup
· outgroup=sister group
Monophyletic
· a group of species derived from a single ancestral species
Polyphyletic
· species from separate evolutionary lineages
· put organisms together that are thought to be related, however further investigation shows this not to be true
Paraphyletic
· a group of species including a common ancestor plus only some of its descendants
· we don’t want this! these groups are not informative in terms of cladistics and characters that lead to the formation of these groups are not homologous


Useful characteristics:
Apomorphies
· derived characters within a group
Plesiomorphies
· primitive characters within a group
Synapomorphies
· derived characters shared between groups
Symplesiomorphies
· primitive characters shared between groups
Parsimony (KISS principle)
· KISS (Keep It Simple Stupid)
· the fewest possible evolutionary changes should be used to account for within-lineage diversity
· the minimum number of character states or transformations, must be selected when different hypotheses are in conflict
The camera eye
· evolved twice
· difference: in vertebrates, the nerves come out in front of retina to form optic nerve while in molluscs the nerves come out behind the retina to form the optic nerve
· HOMOPLASY

Silurian and Devonian
Arthropoda: Crustacea
· primary herbivores
· become food source for larger organisms
· ex: lobsters, crab, shrimp
Armoured fishes
· fish make their appearance
· they don’t look like anything we see today
· instead of having scales they had bony plates (armour) for protection
· ex: ostracoderm, placoderm
Ostracoderm
· jawless fish
· pharynx used to draw water with food particles into their mouths and gills used to filter the food from the water
· lacked a true vertebral column
· vertebrate characteristic- 3 regions in brain (fore, mid, hind)
Placoderm
· appeared in Silurian, diversified in Devonian and Carboniferous
· bodies covered with large, heavy plates of bone anteriorly and smaller scales posteriorly
· jaws had sharp cutting edges but no separate teeth
Jawless fishes
· feed on sides of large fish (lamprey did this)
· fed by ramming food in their mouth
· hagfish, lamprey,ostracoderm
Evolution of the jaw
· jaws evolved from paired gill arches in the pharynx of a jawless ancestor
· one pair of ancestral gill arches formed bones in the upper and lower jaws, whereas a second pair was transformed into the hyomandibular bones that braced the jaws against the cranium

Chondrichthyes (Cartilaginous fish)
· the absence of bone is a derived trait
· Elasmobranchii (sharks, rays and skates)
· Holocephali (chimeras)- the only cartilaginous fishes with an operculum (gill cover)
· fins work like airplane since it moves in 3D space
· to stop they must do a turn using their fins, therefore aren’t very mobile
· no mechanism for agility
placoid scales
· we now see scales instead of armour
· provide turbulence to decrease resistance with water (laminar flow)
feeding
· teeth are giant version of scales that line its body
· formidable ability to feed
· teeth cannot break prey/food down into smaller pieces
Bony fish skeleton
· like fish we would see today
· bony endoskeleton (cranium, vertebral column with ribs, and bones supporting their movable fins)
· endoskeleton provides lightweight support compared with the bony armour of ostra/olacoderms, enhancing their locomotor efficiency
· pectoral and pelvic fins articulate and allow for agile motion (stopping, sharp turns, floating/hovering)
opercular gill
· a flap of the body wall that serves as cover for the gills
swim bladder
· a gas-filled air bladder in the body controlled by the circulatory system
· increases buoyancy
· derived from an ancestral air-breathing lung
Evolution of the tetrapod stance
· fins formed limbs that allowed organisms to go up on land

Transition to land (plants)
· not an easy step for multicellular organisms
Water conservation
· across exchange surfaces
· across boy wall in general
· need a way to protect against water loss in the terrestrial environment
Protect the gametes 
· a way to transfer sperm to egg (since they don’t have water)
Support system (gravity)
· supporting mechanism for organism on land due to gravity
Phylogeny of plants
· 1st plants had waxy surfaces and pores opening to minimize water loss and allow for gas exchange (* adaptation for gas exchange)
· However it was not efficient (later we will see pores that open and close when needed)
· stomata regulates gas exchange
· vascular tissues support organism
· seeds solve issue of reproduction
Green algal life cycle
· alternation of generations
· vegetative growth in haploid form
· plant gametes (2 flagella)
· gametes fuse = diploid will grow
· the gametes are entities (part of the life cycle)
Alternation of generations in land plants 
*see notes
· zygote undergoes mitosis –> multicellular organism (sporophyte)
· * zygote will never make gametes, it makes cells that into a new growth phase (spores)
· sporophyte makes spores after undergoing meiosis
· spores undergo morphogenic change (via mitosis) forming haploid gametophyte
· gametophytes make the gametes

Sorting out plant parts 
Sporophyte (spore plant) 2n
· have sporangia producing spores
· from a zygote (fusion of sperm and egg)
Gametophyte (gamete plant) n
have gametangia producing gametes
· antheridia- makes sperm
· archegonia- makes egg
Evolutionary trend in plant life cycles
· sporophyte stage becomes dominant and protects gametophyte stage
· it wraps around gametophyte
· takes care of gametophyte inside its life cycle
Liverwort (life cycle)
· rain splashes off antheridia and is shot up into “umbrella” which is the archegonial head
· this is how sperm is transferred to egg
Transition to land- water conservation
· waxy surface (cuticle) gives some water-proofing
· pores allow gas exchange
· stomata have guard cells that swell to close opening and shrink to leave it open
· * they are starting to leave behind total dependence on moist environment
Mosses
· will not have vascular tissue
· can absorb water- trap it with leaf like structures of the moss
· mosses can dry out and shut down metabolism (become dormant) and will wait for moist conditions to return (water)
· still see both reproductive life cycles
· the 2 stages are coming together and we start to see strengthening however no vascular tissue


Moss life cycle
· sporangium releases spores formed by meiosis
· each germinating spore becomes a budlike mass
· each bud develops into a male gametophyte with antheridia or a female gametophyte with archegonia
· flagellated sperm develop in antheridia, egg develops in archegonia
· antheridia release sperm that swim in film of water to egg in the neck of the archegonium
· zygote remains in archegonium and develops into small, mature sporophyte
· * can also reproduce asexually via gemmae
Evolution of plant vascular tissues
· plant cells connected to each other (rigid cell walls)
· water diffuses from one cell to the next
· not efficient, but this is the first way it starts out
· Plants create lignin (a tough complex polymer that strengthens the cell wall and allows for upright growth) which makes sure they don’t collapse
· * lignin tough to degrade
· plants also used nitrogenous waste to make structure that held them up
Early Devonian
· land plants started to take off in huge numbers
· continents going together
· we start to see soil
Devonian aquatic environments
· we start to see jawless fish disappear as well as some invertebrates
* we are now heading to first vascular plants
Evolution of plants vascular tissue
· refinement of vascular tissue
· tracheids- fluids can move up and down
· water supplied from roots at the bottom, making its way to the top
Ferns
· have tracheids
· use of dead plant cell tubes
Fern life cycle
· alternating generations
· spore develops in sporangia and are released
· a spore germinates and grows into a gametophyte
· in the presence of water, the antheridium bursts, releasing sperm that swim toward a mature archegonium
· fertilization produces a zygote
· the sporophyte (still attached to the gametophyte) grows, develops
Carboniferous and Permian
· plants will expand on land
· animals will start coming up on land as soon as there are enough primary producers (plants)
· ISSUES: water loss, protection of gametes, support system (need some sort of skeletal system)
Early Carboniferous
· Gondwana moves away from poles
Late Carboniferous
· massive supercontinent from pole to pole
Phylogeny of plants
· we are going to see the final stages of the gametophyte stage internally
Carboniferous forests (coal forests)
· made with huge trees and structures (mostly ferns and horsetails, and some mosses)
· fixed huge amount of primary productivity
· carbon scrubbed out of the air into coal beds
· * as soon as the seed becomes perfected, they will be the dominant plant form while the ferns, mosses etc will be the minor plants
Evolution of plant vascular tissues
· the addition of vessel elements (pits and a perforated end wall) allowed for there to be no restrictions on the movement of water from roots to leaves
Spores vs. seeds
Homosporous
· spores look the same (found in seedless vascular plants and non-vasc plants)
Heterosporous
· spores look different
· sperm are smaller spores (microsporangia)
· eggs are larger spores (megasporangia)
· the megasporangia are non motile and await the arrival of the microsporangia
· when they fuse we get a sporophyte
Seeds
· put sporophyte in a case (seed)
· embryo will be protected
· aids in dispersion
Gymnosperm life cycle (conifers)
· 2 year process
· female and male cones each produce spores
· in sporangia of males cones, meiosis gives rise to microspores that develop into pollen and in sporangia of female cones, meiosis yields megaspores
· each microspore will divide into 4 cells (2 inside pollen, 2 for male gametes)
· megaspore undergoes meiosis, results in 4 megaspores, only one survives. This surviving megaspore will undergo mitotic divisions and will put aside 2 archegonia which contain egg cells
· pollination occurs when wind deposits a pollen grain near an ovule on female cone scale
· the pollen grain (male gametophyte) germinates. Sperm form in the pollen tube as it grows toward the egg
· fertilization forms a zygote that develops into a seed
· eventually, the seed gives rise to a seedling that grows into a sporophyte
Lignin
· major innovation by plants
· hydrophobic (vessels lined with lignin and therefore no polar interactions between water and tubes)
· very few organism can digest it (some fungi can, they have digestive enzymes)
· very toxic
Fungi
· major decomposer of lignified plant tissue
· most of life in haploid condition
· resistant to dehydration and cold (will shut down)
Typical fungal life cycle
· hyphae of one mating type fuse to hyphae of the opposite type
· the fungal cells fuse but the nuclei don’t (plasmogamy)
· dikaryotic structures develop
· in the ascus, the two nuclei fuse, producing a diploid zygote (karyogamy)
· meiosis in the diploid nucleus produces four haploid nuclei
· spores released, cycle starts over
Ascomycota (same as above plus these steps)
· the four nuclei now divide by mitosis; then cell walls form around each of the resulting 8 nuclei. These cells are ascopores. Asci develop inside an ascocarp, which began to form soon after sexual reproduction began.
· asci release their ascopores through an opening in the ascocarp
· when an ascopore germinates it gives rise to new mycelium
· asexual reproduction: spores may germinate and give rise to a new mycelium of the same mating type
Basidiomycota (same as typical fungal life cycle)
· after the dikaryotic structure develops, the hyphae form a basidocarp. Spore-producing cells are under the cap, on flap-like gills
· then we get karyogamy
· meiosis produces 4 haploid nuclei
· 4 spores formed and released
· mushrooms
· known for solving lignin issue (can break it down)
Fungal mutualism
· plants can extend their absorptive surface via their relationship with fungi
· fungi locate themselves on outside of cells
· fungi can produce chemicals that will dissolve minerals from rocks etc
· plants provide sugar to fungi
· fungi then transports minerals to plants from extending hypha
Lichens (fungi)
· show relationship of fungi with plants
· association: fungi and algae
· algal cells wrapped around by web of mycelia that protect algal cells
· the algal cells will carry out photosynthesis and provide fungi with nutrients
· the fungi in return will provide minerals to the algae
· lichen are dormant when dry
· * this is probably the first relationship between fungi and plants on land

Annelids, arthropods, chordates move up on land
Lophotrochozoa
· either feed with lophophore or have a trochophore larva
Annelida (earthworm)
Body wall
· shows the secret of burrowing
· hydrostatic skeleton (coelom water part)
· contraction of longitudinal and circular muscles for movement
· segmentally arranged body (success for burrowing)
· this allows for only certain parts of the organism to move/change shapes, INDEPENDENTLY of one another
· has not perfected issue of water loss across body wall
· they breath across skin and therefore must remain moist
· in spring they get out of their burrows because it becomes water logged with deoxygenated water
Locomotion
· hairs (setae) that stick out into ground to anchor worm
· longitudinal contraction (setae out)
· circular contraction (setae in)
· accordion like movement
· push head (anterior end) into substrate (burrowing)
· open mouth- consume soil as pushing through it
· extract nutrients from soil
· burrow in substrate
Reproductive system
· clitellum- secretes mucous that surrounds worm 
· hermaphrodites
· worms transfer sperm on soil surfaces
· seminal vesicle releases sperm through duct, it is received by seminal receptacle of another worm
· DIRECT sperm transfer (protective casing- mucous)

Cocoon formation
· “sock” slides down and dumps eggs into it, dumps sperm into it, zygote (cocoon) forms (once sock goes off end)
· worm emerges from cocoon
Insect external anatomy
· insects were feeding on spores produced by plants or leafy tissues
· head- vision, sense, eating
· abdomen- housekeeping (digestion and reproduction)
Insect movement (Flight and wing folding mechanism)
· major innovation- FLIGHT
· ability to escape predators, find mates, leave during unfavourable climate conditions
· folding mechanism to protect wings (ex: beetles)
· *dragonfly- hasn’t changed in 200 Ma
Cuticle-Exoskeleton
· procuticle gives strength (made with chitin)
· *suit of armour
· however the procuticle is not waterproof but there is an epicuticle on top of the procuticle 
· the epicuticle is waterproof (consists of waxes and oils)
· ecdysis-> molting -> escape from cuticle
Insect tracheal system
· air in insects transferred directly to tissue from (trachea to tracheoles)
· works because gases diffuse through air quicker than in water
· insect will then close spiracles, O2 concentration will decrease
· BUT diffusion allows for the suppliance of O2 to the rest of the tissues
· once levels of O2 are low, the spiracles open again and the process retarts
Insect reproduction 
· lock and key mechanism
· sperm package (spermatophore) is resistant to drying and breakdown
· female stores the package in the seminal receptacle
· egg moves down tract and receives sperm from seminal receptacle
· this forms chorion with opening (micropyle)

Insect metamorphosis
· incomplete metamorphosis: juvenile very similar to adult form (ex: grasshopper)
· complete metamorphosis: juvenile and adults different and therefore will not be in competition for food. They tap into different food sources. (ex: caterpillar-butterfly)
Deuterostome phylogeny
· cranium
· vertebrae
· bones
· jawless and jaw fish
· hinged jaws and movable fins
· tetrapod stance (the first are amphibians)
· amniote egg
Amphibians
· nothing like we see today
· 1st ones were lizard like in appearance
Food
· start to feed on insects
· their tongue is designed for capturing insects
Locomotion
· limbs attached to backbone (allows for jumping)
· ability to lift self off ground
· adapting to terrestrial environment
· skeletal issues starting to be solved
Skin
· must keep skin moist (breath through skin)
· skin is smooth (glands produce water or liquid over skin surface to keep it moist)
· *absence of scales
· poison gland acts as protection mechanism



Amniote phylogeny
· place embryo up on land in protective case (amnion)
Amniote egg
· water casing for embryo
· all of the wastes of the embryo are kept in the allantois
· albumen- egg white
· yolk sac- food
· reptiles do this egg thing (solution has finally come at end of Permian)
Types of extinctions
Background extinction
· the continuous background rate of extinction that occurs on the planet
· *more species have been lost in earth’s history to background extinctions than to mass extinctions
Mass extinction
· when 50% of the genera (Genus level) are lost and most often the marine environment is where measurement are made
· 5 major mass extinctions (end of Ordovician, Devonian, Permian, Triassic, and Cretaceous periods)
Causes of mass extinction

Meteorite impacts
· causes major damage
· end of the dinosaurs

Flood basalts
· unlike volcanoes that spew out dust particles, toxic gases such as sulfur dioxide and the greenhouse gas carbon dioxide Flood basalts do this on a huge scale
· instead of producing a volcano the lava flows out of the rip in the mantle and floods across the ocean floor or on land
· these can cover large areas
· The only recorded flood basalt eruption occurred in Iceland in 1783-84 and produced three cubic miles of lava
· There are major flood basalt fields on the planet that correspond to each of the major mass extinction events, including the end-Cretaceous and they are increasingly become the main suspect for triggering mass extinctions
Gas hydrates
· Methane gas is solidified in combination with water due to the pressure of the water column above and temperature. If the pressure were to decrease, as the ocean levels fell, or the water was to warm up these gas hydrates would release the methane into the atmosphere and methane is a much more potent green house gas than carbon dioxide
Marine anoxia
· a decrease in the dissolved oxygen in the ocean water
· no oxygen = no life, other than single celled plants and bacteria
Conclusion
· still don’t have all the answers to why mass extinctions occur but increasingly they suspect greenhouse gases and global warming that creates an anoxic marine environment
· PERMIAN was probably a deadly combinationof all 3 made possible by the release of gas hydrates
Surviving mass extinctions
Plants
· they are often resistant to physical damage and many can grow from broken and damaged pieces
· seeds and spores are also resistant to adverse environmental conditions that may be associated with a mass extinction
· by their very nature plants are survivors because they are sessile and survive under adverse conditions for prolonged periods – an example the plants that grow in the arctic or lay dormant in the hottest desserts waiting for a brief rainfall
· Finally plants are autotrophic, and make their own food from carbon dioxide and light. They are completely self sufficient and don’t have the complicated trophic interactions that animals have. Not only that the green houses gases are used by the plants!

Insects
· are also survivors and their small size, early generalist feeding patterns and wide distribution no doubt helped them to survive. The only evidence for any extinction event affecting insects is the massive end Permian extinction when six insect orders disappeared from the plant.
* small generalist organisms seem to survive better than large specialists (ex: if dependent on other animals = harder to survive)
Single celled organisms
· cyanobacteria are referred to as fossil species and the reason for their success is their simple asexual reproduction, global distributions and they haven’t changed that much









BIO1130 COMPREHENSIVE KEYWORDS AND DEFINITIONS 
· Classification: Categorize & group (ex. Sort stamps based on country background)
· Dichotomy: Yes/No responses present in all organisms classified (plant opens stoma?)
· [bookmark: _GoBack]Present in all hierarchies/branches in phylogenetic trees
· Taxonomy: Using a set of rules to group organisms
· Folk: Medicine men, shaman (1 person in ancient cultures) classified organisms; these guys can memorize (verbal); tier of 2 or 3 hierarchies; 500 organisms; dichotomy of plants and animals; dichotomy of medicinal plants; Eskimo & Tropical people different types of animals present
· Artificial: Aristotle (animals) & Theophrastus (plants) travel world; 1000s organisms recorded in writing; hence considered fathers of taxonomy
· Mechanical: Linneaus (botanist but think as librarian); organizes these big lists; creates kingdom of plants and animals (dichotomy); huge phylum vermes(worms; long cylindrical without legs)
· Natural: Darwin; evolutionary; using morphology; physical appearance(no genetics atm)
· Homoplasy (analogies) to Homology (share common descent that indicate these organisms are grouped together & distinguish from Convergences) 
· Homology:  bats wings, flippers, legs, but still similar bone structures (ie.Related
· Ex. Jaw reinforcing structure; bone becomes vibrational transmitter to perceive sound (evolution of vertebrates) 
· Convergences: environmental drivers to develop structure with similar function
Homoplasy: Separate organisms using flight since no connection (insect wing, bird wing) Don’t want to classify organisms as same only because all have flight ; Analogous
· What came first? Advanced (derived) VS primitive ; very subjective since different characters was weighted different 
· Subjectivity ex. Walcott (big scientist) says Burgess Shales; he says shales derived from arthropods (no further variation); two graduates 15 yrs ago looks at them again & discovered shales depicted Cambrian Explosion(huge variation in organisms)
· Types of Characters to separate organisms:
· Morphology, Ultra-structure, Embryology, Behaviour, Fossils, Molecules
· Phenetic (Numeric) Taxonomy:
· Phenotypic measurements (empirical); statistical method (Cluster analysis) to determine evolutionary paths; rid of subjectivity; based on statistical correlation (genetic factors); Killed subjectivity atm!
· Douglas Adams (3rd age of sand): as computation increased, evolutionary paths change; back to square one; use my program, it’s better than your program (subjectivity again)
· Phylogenetic Taxonomy:  Henning (entomologist); cladistics to make evolutionary trees; provides us with cladograms (rid of subjectivity completely)
· Types of Phylogenetic Trees
· Dendograms (top of tree = ideal form = human race on top; similar to scala naturae)
· Cladograms; sister group (ancestor); One change results in separation of all other organisms from sister group;
· Clade: A subset of organisms within a group that have all the same shared characters are referred to as this and give this method of classification its name (CLADISTICS)
· Node separates organisms based on change of another characteristics; 
· Polytomies: Polytomy is a term for an internal node of a cladogram that has more than two immediate descendents
No resolution on what kind of change but there is a change
[image: http://biology.fullerton.edu/biol404/phylo/im/star_tree.jpg]
· Could be genetic in N-bases; shared derived change
· Useful characteristics:
· Apomorphies: Derived characters (bird) (triploblastic)
· Plesiomorphies: Primitive characters (lamprey) (diplo..)
· Synapomorphies:  Shared derived traits between organisms (changes in evolution; we care about this
· Symplesiomorphies: shared primitive(ancestral) traits between organisms
· Anatomy of cladogram:
[image: ]Monophyletic: Systematists excited about monophyletic synapomorphies Shared characters between organisms
Polyphyletic: Convergence; but has wings ex.
Paraphyletic: Bird different than Reptiles
· Creating a Cladogram:
· Different organisms with different characters being compared
· Create matrix with sister group zero for all characters since completely plesiomorphic 
· [image: ] 
· [image: ] 
· Different wars to arrange cladogram; there are chances for all of them but evolutionary and statistically speaking, there would be an inclination to choose the one that has less changes; Parsimony.

· Systematics: Application of evolutionary theory: Based on common ancestry for classification system
· Hierarchical: Linneaus, D,K,P,C,O,F,G,S; classification schemes & systematics are present in hierarchies (ie. In Kingdom, In phylum)
Tend to classify organisms in a dichotomous manner (Yes or No) for simplicity
When morphological data are combined with molecular data, we can see advances in our understanding of evolution and Adaptive radiation. 
Ex. Bats & their habitats rediscovered via a combination of these two.

Ordovician Survivors:
· Molluscs
· Shelled Cephalopodshalf folded in shells, living inside coiled shells
· Bivalves: possessed by molluscs (two shells)
· Gastropods: 
· Worms
· Echinoderms: sessile ones will disappearmore typical ones survive
· Bryozoa
· Arthropoda:
· Trilobites (not as many as before)
· Marine forms (Crustacea)
· Sponges

Silurian Period:
· World has warmed up
· Water levels increase
· Huge amount of continental shelf mass surrounding the equator 
· Therefore primary productivity INCREASES
· Age of Fishes and plants (invasion of land by plants)

Crustacea: (major innovators of this time – develop to environment) 
· Make their appearance because trilobites disappear 
· Small organisms have the capacity to filter out shit
· Form the basis of primary herbivores
· Crabs, lobsters, shrimps (larger crustacea) 



Armoured Fishes: 
· Fish make their first appearancestart of the Silurian and Devonian (Age of Fishes – make all innovations)
· Covered in solid plates (protection) 
· Placoderms: Gnathostoma – vertebrates with jawed fish, also include the lineage Tetrapoda
· Earliest vertebrates with jaws
· Ostracoderm:
· Heavily armoured body, jawless fish 
· Experimentation with vertebrate fish
· Agnatha (Jawless Fishes)Lamprey or Hagfish
· Gill Arches: evolved as supporting structures between the slitsturned into respiratory surface
· Has to constantly be moving and flow water in and out of mouth through gills (cannot pump water)
· Hagfish & Lamprey (survivor still today)
· Has no mechanism to close its jaw!
· Rams into the ground with mouth open and ‘sucks’ everything in and filters the food out of the water
· The water goes out the holes in the back (early signs of gills)


Gill Slits: (distinguishes chordates from other deuterostomes)
· Paired openings originating as exit holes for water that carried small food allows chordates to filter feed

Evolution of the Jaw:
· Jaw bones are modified gilled arches that originally held open gill slits allow for opening and closing of mouth
· Arches become more and more ‘bendable’ to the point where the mouth can close
· Chondrichthyes: (cartilaginous fishsharks and rays)
· First ones with jaws (sharks) – new feeding mechanism
· Dorsal fins, pelvic girdle and fin, pectoral girdle and fin 3 because moves in 3D
· Feeding: Teeth can clamp down and grasp stuff (not made for cuttingjust grasping and holding on)
· Do not have the “big suits of armour” not armoured fishreplaced by fish with scales
· No way to ventilate their gills (no pumping of water) thereforethey are constantly swimming to breathe


Placoid Scales: (composed of outer layer of dentin with pulpy core)
· Armoured fishes replaced with SCALES (by end of the Silurian)
· Creates small amount of turbulence to reduce the drag and resistance of the water flowing over the surface
· Ex. Swim suitsin Sydney  (created micro-turbulence when swimming used in Olympics)

Bony Fish:
· Bones holding structure made of calcium salts
· Fins more closely articulated with body (pectoral and pelvic fins are closer to body)
· Very Agile (can sit and hover)
· Opercular Gills:
· Can oxygenate with gillstherefore are able to just sit still and hover
· Can pump water across gills with having to move (by mouth opening and closing)
· Combination of opening and closing mouth PLUS an operculum to direct the flow of water in ONE directionmeans that fish can pump water across it’s gills without having to move
· Swim Bladder: (Precursor (ancestor) of LUNGS)
· Gas bagconnected to mouth
· We can fill it and empty it with gases so that fish can hover at a certain depth (alteration of neutral density)
· Sharks use oil for neutral buoyancy

Evolution of the Tetrapod Stance:
· End of Devonian – transition up to land
· Fins developed into feetso that transition to land can occur
· Fins (limbs) become very strongly supporting instead of delicate 
· Selocant4 sets of fins can all be articulated independently of one another (which is ideal for walking motion)
· Pectoral Fin: Bony Fish Skeleton
· Bones present; pectoral and pelvic fins more articulated; can hover & sit still; 
· Pectoral Girdle:
· Pelvic Fin:
· Pelvic Girdle:

End of Devonian:
· Vertebrates transition up to land
· End of the age of fishes
· Transition to land (plants first)

Transition to Land (Plants):
· Water conservationwhen in terrestrial environment plants have to find a way to conserve and trap in moisture
· Exchange Surface: plant takes in CO2 and let out O2only way to exchange gases in/out is to dissolve it in water. Therefore the exchange surface needs to be moist (potential for water loss-evaporation)
· Body Wall: don’t want water to be leaving all across the surface or plant will die out
· Protect the gametes against drying out
· Do not want the sperm and egg to dry out and die
· Support/ Vascular System (fight against gravity):
· Need a skeletal support system to hold the plants up on land (in watercould float around because roughly same density as water)
· System that moves the water around the plants (rootsleavesroots)

Life Cycle – In Plants: Alternation of Generation
· Green Algal Life Cycle: (haploid-diploidy both parts of life cycle present)
· Plus and minus gametes fuse (both motile)create zygote meiosis produces spores (haploid)
· Then make vegetative structures that represent plus and minus (not males and females)
· Fertilization: 2 gametes produce zygote
· Sporophyte: zygote turns into a sporophyte (2n)
· Sporophyte undergoes meiosis to produce Spores (n)spores settle down to produce gametophyte (plant like structure that is haploid in nature)
· Gametophyte(n): produce gametes (haploid generation – spores are produced by meiosis and then spores divide mitotically to produce haploid gametophyte plant)
· Can also have asexual reproduction (plus or minus developing spore just makes a new plant)
· Plant Parts:
· Sporophyte (spore plant): 
· Sporangia: spore producing cell within sporophyte
· Is the product of a zygote (diploid-stage)
· Gametophyte (Gamete Plant): (haploid structure)
· When spores settle down  grow into the gamete plant
· Gametangia: produces gametes within gametophyte
· Antheridia – sperm (have 2 flagella because are gametes of plants)
· Archegonia – egg 
· Goal is for sperm to find egg and FERTILIZE!

Liverwort (Marchantia):
· One of the very first plants that moved to land
· Waxy coating on leaves (prevents water loss) still needs to live in a moist environment however
· Can see a difference between the 2 gametangia
· Archegonia – umbrella like structure (egg) – female plant
· Antheridia – flat (sperm) – male plant
· Thallus: leafy structures, mass of photosynthetic cells no transport tissue
· Algae (plant body with no true stems,  roots, leaves, or vascular systems)
· Rhizoids: anchoring structures (root like structures; BUT NOT VASCULAR LIKE ROOTS)to hold the organism in place and absorb moisture
· Gemma Cup: (Asexual reproduction)
· Forms on thallus
· Inside gemma cup plant has produced disk shaped piece of plant tissue
· Once water splashes inside the gemma cups disks splash out and spread around the ground
· Therefore new Liverwort (asexually)
· How would we get the sperm from the Antheridia to the egg from the Archegonia?
 Dependant on water splashing on antheridia (which contains sperm) and then water splashes up carrying the sperm to the archegonia (contains egg) they fertilize   [image: ]
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Mosses:
· Have not solved the issue of dehydration (poor water proof surface0
· When there is a shortage of waterdry out (cell systems shut down until water returns)
· Branching structures in mosses retains water and holds on to water (very absorptive)

**Stomata: (with 2 guard cells)
· Night: closed (no photosynthesis occurs) Day: Open
· Mosses are first to develop the Stomata (but no transport tissue)
· Can control and regulate when gas exchange can occurthus conserving water (H2O(g))

Life Cycle: (Mosses)
· Bushy bottom (gametophyte)
· Top part (sporophyte)
· Antheridia and Archegonia are produced at the tips of male and female gametophytes, respectively
· Sperm from antheridia get to egg in archegonia by water droplets (splashes) 

Ashish: Lignin 1st seen in Mosses? Evolution of Vascular Tissue:
· In addition to the primary plant cell wall (cellulose)going to get a SECOND cell wall coated in LIGNIN 
· Lignin: supporting rings for the cells (if plant water levels decrease, plant would be held up by these rings)
· First vascular structures




Devonian Period:
· Excellent for primary productivity
· Vascular plants become large (fern – like trees)
· Huge vegetation due to the fact that vascular tissue has combined with root and stem systems for transport of nutrients within the plants, WITH the water – proofing of the stomata 


Ashish: Tracheids: (straw like structure)
· One continuous connection (hollow on inside – cytoplasm retracts, plant cells die)
· HOLLOW Tube supported by lignin which serves as a water transport mechanism
· Water proof, rigid structure for plant, sperm protection
· Is a straw that runs from bottom of plant to top (filled with water) – plants at the top absorb water

Ferns: (gametophytes bigger than sporophytes – only in ferns)
· First ones with vascular tissue! (water proofing)
· Roots make the first appearance (rhizoids are now roots – because of vascular tissue development)
· Much larger, bigger, fern trees in Devonian
· More protection of the gametophyte
· Life Cycle:
· Sporangia of a fern – brown dots on backside
· actively pitching the spore into the environment (not passively)
· each spore will develop into a gametophyte
· gametophytes role is minimized! 

External Fertilization:
· fertilization that takes place outside of the body of the organism
· fertilization occurs outside of the body of the 2 parents

Fungi: (explained more fully in Carboniferous and Permian)
· Fungi able to break down lignin (they are there at the end of the Devonian)

End Devonian Extinction:
· Major mass extinction
· Massive drop in diversity (associated with oceans, not terrestrial)
· Reason: 
· During Devonianall this plant material creating organic materials that is pushed into the oceans
· This organic material breaks down in the oceans and (over abundance) favours the anaerobic bacteria 
· Therefore cuts down the amount of oxygen available in the oceans
· Coral reef knocked out (disappear from the face of the planet)
· Collapse of most continental shelves
· Lose the AGNATHA (only bony fish make it through)


Silurian & Devonian
· Mass extinction at the end of Ordovician
· Ordovician survivors: Cnidaria, Molluscs, Worms, Echinoderms, Bryozoa, Arthropods
Silurian:
· Primary productivity increased; oceans warm up; after extinction whoever survives lives on in these environments
· Arthropoda: Crustacea
· Evolve into larger types; crabs, shrimps; trilobytes into larger crustacean
FISH:
· Armoured Fishes:
· Age of fishes = Silurian  no jaw
· Jawless Fishes (Agnatha)
· No jaw movements; mouth always open; sticks to substrate; feeding via aerobic; has gills to do so (present ex. lamprey: TEXTBOOK or PODCAST for issue info : could be on tests)
· Evolution of the Jaw
· Jaw bones are MODIFIED gill arches; now no backflow of food; now clamp down on food; 
· Chondrichthyes (Sharks)
· Fins allow them to rotate themselves in 3D space (Pelvic, pectoral, dorsal fins & Caudal fin (backfin))
· Placoid Scales (fish)
· Loss of armour at end of Devonian; Scales come into play to be light weight; reduce resistance; creating turbulence = towards better swimming
· Feeding (fish)
· Teeth for manipulation of food; grasp and hold on but does not tear; prey on larger organisms
· Bony Fish Skeleton
· Bones present; pectoral and pelvic fins more articulated; can hover & sit still; 
· Opercular Gill
· oxygenated gills; pump water across gills without moving! Mouth closes, gills open and vise versa.
· Swim Bladder
· Buoyancy control via swim bladder that is connected to mouth. Add of empty of O2 (g) from vascular vessels; similar to lungs; swim at various levels
· Evolution of the tetrapod stance
· Able to gulp air (land vertebrates connection) & separate articulating fins (walking?)
· Transitions to land (PLANTS)
· Water Conservation
· Exchange surface:
· Plant taking CO and releasing O2 & Animals vise versa
· Move gas into cell; has to be dissolved in water; therefore, surface always moist (allows for water loss at these locations); want to prevent!
· Across Body wall:
· Whole surface of plant; minimize water loss
· Protect gametes against drying out
· Gametes swim towards each other; on land; some aq mechanism to allow for swimming of gametes and not dying out
· Support System (gravity)
· Need skeletal system on land; water is much more dense keeping plants support
· Support plant up & moves water in plant (roots to leaves and vice versa)
· Phylogeny of plants:
· 1. Small pores (gas exchange); can`t close
· 2. Closing mechanism to allow O2 out and CO2 in
· Plant Life Cycles:
· Diplontic (animals), Haplontic(fungi) or Alternations of Generations(plants)
· Plants descendants from green algae (gametes called + or - because can`t tell difference)
· Sporophytes (2n)  Via meiosis haploid spores released  spores mitotically divide, produce gametophytes (male releases sperm & female grows egg cells)  fuse into zygote (diploid) becomes sporophyte
· Why an alternation between diploid and haploid? Both stages are prolonged.
· Sporophyte: 
· 2n & produces spores, specifically the sporangia(spore producing cells) produces the spores
· Product of a zygote (also 2n)
· Gametophyte:
· N & gametangia produce gametes
· Anteridia produce sperm
· Archegonia produce egg (remember using GUH sound)
· Liverwort Life Cycle: first fertilization solutions ever for land plants
· Must live in moist environment (die in dry one)
· No transport tissue (not vascular) leaf therefore leaf = Thallus (on this are gemma cup)
· Rendezvous & fertilization depends on splashing of water droplets OR Antheridia (has sperm) swells and shoots sperm up to Archgonia (eggs) = success
· Zygote becomes sporophyte; mitotic divisions producing new mass 
· Rhyzoids: nonvascular (if vascular = roots), anchoring structure to soil; located on bottom of Thallus
· Gemma Cup: plant tissue; little wax on it so it doesn`t desiccate; gemma discs shoot out; new liverwort asexually
 [image: ]
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Pore Evolution:
Stomata:
· Regulation water & gas exchange
· Stomata has guard cells surround opening to pore
· At night (not engaged in photosynthesis = closed) During day (pores open)
Mosses:
· Presence of stomata (but no vascular tissue) & structure
· Spores on top (brown) releases spores(mitotically divides into gametophyte); way to get spores in the air
· Gametophyte (on bottom) using water droplets (splash technique) brings sperm in antheridia to egg in archegonia & spore grows on top of gametophyte
[image: ]
· Very absorptive (native cultures = diaper material); capacity to hold on to water but when dry out, they shut down; add water = photosynthetic within an hour (dehydration issue not solved)
Evolution of Vascular Tissue:
· Secondary cell wall coated with Lignin rings; structural integrity & resist gravity
· Tracheids (primitive plants): cells become hollow tubes (analogy: straw); continuous connections support water movement & lignin rings support & provide structure
Early Devonian:
· Lots of vascular plants (ferns) because land masses near equator now
· Mass extinction at end of Devonian regarding aquatic environment (not so much terrestrial)
· Overabundance of organic material in waters (anoxia); breaks down; anaerobic bacteria turn oceans anoxic 
· Coral reefs and Continental shelves disappear
· Carbon cycle disrupts; not enough carbon in atmosphere (fixed by plants) & Oxygen content skyrockets because of plants
Fern Life Cycle:
· Sporophytes (2n) produce spores (n) (underside of leaves; those are sporangia (where meiosis occurs
· Sporangia pitch sperm into environment & spores settle down into gametophyte (no vascular tissue = thallus) 
· On thallus has archegonia and antheridia (again rendezvous via splash technique)
· So, minimize occurrence of gametophytes (isolate & protect for fertilization) 
Fungi: - Can break down plant material; solution to overproduction of plants


Carboniferous Period:
· Huge plants take lots of carbon dioxide out of the air, thus increase oxygen levels to 35%
· Never returning the carbon dioxide back (nothing to break down lignin yet)

Coal Forests:
· In Carboniferous, there was nothing to breakdown the plant matterthe huge plants fossilized and turned to coal
· Fungi would eventually appear and be able to break apart lignin..eventually
· Club Mosses:
· Huge tall trees
· Giant Horse tails
· Tree Ferns:
· Huge plant
· Comes all the way from the carboniferous (Cycads)

Evolution of Plant Vascular Tissues: (perfected it in Carboniferous) 
· Tracheids: connection between 2 cells is not completeintact cellulose wall (filter)
· Secondary cell wall – lignin (re-enforcing structure for vessels)
· Maintains the integrity of plant
· Lignified (above)
· Perforated end Wall: lignin (however cellulose wall is complete)
· Becomes perfected in large tree like structures in carboniferous
· Waxy surface on wall to prevent water loss

Spores Vs. Seeds:

Homosporous:
· Plant that makes only one type of spore
· Spores that have the same appearance (female and male look the same)
· Gametophyte that develops from homosporous spores can produce both the sperm and egg (bisexual)

Heterosporous: (Gymnosperm and Angiosperm) – seed plants (2 different types of spores)
· Spores that are different, going to be either spores or eggs
· Microsporangia: (2n) (male gametophyte) – protected inside pollen grain
· Make small sporesMicrospore; sperm (packaged in 4’s – meiotic cells)
· sperm, when fused with eggis completely protected and has nutrients and can develop 
· POLLEN: is a travelling, protected, encased male gametophyte
· Megasporangium: (2n) (female gametophyte) – protected inside archegonium 
· Make BIG spores (egg) 
· Megaspore: female spore (n)
· huge, filled with nutrients, sessile, eggs, inside parent plant





· Gymnosperms: (Conifers) – CONES
· Create Seeds:
· Baby sporophytesits inside nutritive tissue
· Miniature embryonic sporophyte
· Is the structure that forms when an ovule matures 
· All gymnosperm are wind pollinating (the males)
· Male cones appear once a yeardisintegrate quickly, covered in pollen to be released
· Female cone at the top of the tree (separation avoids self-fertilization)
· 2 eggs inside2 sperm will fertilize (occur in pairs)
· Scales open to environment to let spores fertilize eggs – close when pollen grain has entered
· Pollen Tube: 
· A cell that grows through the megasporangium by invasive growth and carries the non-motile sperm to the egg (ONLY ONE SPERM FERETILIZES THE ‘ONE’ produced EGG)
· Ovule: 
· Egg that develops inside the gametophyte which is retained in the megasporangial tissue
· When fertilizedbecomes a seed

Lignin:
· Hydrophobic (benzene and aromatic rings)
· No surface tension, adhesion with container
· Indigestible (keratin – resistant to digestion)
· Cross-linking makes it indigestible (aquatic event)
· Fungi ONLY ones that will digest lignin
· Bacterial and fungal ligninases; only enzymes that can break it down
· Toxic
Lignin is the reason why the carboniferous had HUGE plants and left behind SO MUCH coal for fuel for today

Fungi: (Haplontic Life Cycle)

Hyphae:
· Fine filaments that spread through the surface of what the fungi grows upon ie. SOIL (network of mycelium – below)
· Tubes of cytoplasm surrounded by cell walls made of chitin

Life Cycle:
· Mycelium: white fine meshy net
· Are connected end to end  however they have openings where connected to each other (are cytoplasmically ALL connected to one another)
· Can be as long as 3 miles long under Hyphae (all connected to one another)
· Spend most of their lives in the haploid state (fungi)
· Asexual dispersal method (produce TONS of spores which then disperse and grow to new fungi)
· Mitosis to produce spores
· Plasmogamy: fusion of two haploid cells, bring together the 2 nuclei in one common cytoplasm(cytoplasmic fusion)
· Heterokaryotic Mycelium: (n + n) – means haven’t fused them
· Contains 2 different nuclei
· Continues to grow with the information of 2 different individuals of SAME species
· Karyogamy:
· Fusion of nuclei from different individuals (followed by meiosis produces distinct production of gametes)
· Zygote: (2n)
· Short lived – undergo go meiosis which creates spores – back to haploid state
· Now undergoes meiosis to produce spores (back to being haploids)

Mushroom Life Cycle: (Basidiomycota) 
· Tightly woven structure (Mycelium structure is HUGE)
· Grow really fast 
· Dikaryotic Mycelium: all connected to fruiting body (mushroom)
· Creates the mushroom (fruiting body)
· Pump water into fruiting body to get spores structures elevated and ready to go
· Karyogamy:
· Occurs on underside of mushrooms (gills) – fusion of 2 nuclei to make zygote
· Basidium: hanging down from gills 4 little spores 
· Basidiospores are sitting on whole gill surface 
· Haploid Myceliaare the huge mushrooms we see

Ascomycota Life Cycle:
· Same as basidiomycota except that spores sit inside a cup (Ascocarp – sexual spore)
· Uses dikaryotic cell structure to extract the nutrients from its environment
· In sexual reproduction – spores are formed in sac-like structures called ASCUS or ASCI
· Produces 8 spores in the Ascus
Lichens: (algal – fungal relationship mutualism)
· Compound organism formed by association between a fungus (ascomycete or basidiomycete) and a green algae or cyanobacterium. 
· Algal cells and Mycelia all wrapped up
· Algal cells – get minerals from fungi (fungi can solubalize rock and other stuff to extract the minerals)
· Fungi gets the energy from algal cells (because fungi cannot photosynthesize) 
· Start of terrestrial plants ( FUNGAL – ALGAL RELATIONSHIPS)
· Almost every single plant today still relies on fungi to provide minerals for it (fungal mycelia that feed the plant)
· Fungal Mutatlism: 
· Ectomycorrhizal Fungi (EMF): (Occurs on the surface of the roots of plant)
· More recent in evolution
· Fungal hyphae form a sheath or mantle around roots
· Grow between the root cells of the plants not in them
· Arbuscular Mycorrhizal Fungi (AMF): (more complex)
· Oldest and most abundant type of mycorrhiza
· Fungal hyphae penetrate the cells of the root, forming arbuscules
· This type of mycorrhiza enhances the transport of water and minerals to plants

Ecdysozoa:
· Insects that are the very first animals on lands (dominate the terrestrial environment)
· Live in an exoskeleton and the ONLY way to grow is to shed that skeleton and build a larger one
· Therefore they discard the skeleton and grow a bigger one
· Ex. Arthropods and insects

Lophotrophozoa: (have a lophophore and trochophore)
· Bryozoa, Worms, molluscs
· Will either feed with a lophophore (bryozoa) OR trochophore
· Lophophore:
· Circular or U-Shaped fold with rows of ciliated tentacles surrounding the mouth for feeding & Gas exchange site! Bryozoa!
· Involved in catching food and it is the site of gas exchange 
· Trochophore Larva: (in molluscs and annelids)
· Larval stage that has a band of cilia at the centre – near stomach that guides food into the stomach(looks like a small top – spinning)
· Both annelids and molluscs pass through this larval stage
· This stage is motile

Annelids: (ex. Earthworm) – responsible for turning over organic matter – recycling soil
· Make appearance on terrestrial environment
· Body Wall: each separated into segments (Segmentation)
· Segmented body planbody is divided into segments
· Each segment in earth worm is a hydrostatic skeleton (repeating hydrostatic skeleton-behave independently from each other)
· Circular muscle running on the outside – longitudinal muscles on inside
· Setal hairs that stick out  anchors the segment to the substrate and hold worm into place
· Only stick out when at max diameter
· Wave-like movementunique form of locomotion (accordion like movement)
· Must stay in a moist environment in order to survive 
· Aerates the soil and mixes shit (also eat and digest soils)

· Reproductive System:
· Worms are hermaphrodites
· Stores sperm in seminal vesicle (male reproductive organ)
· Sperm is taken into the seminal receptacle (female reproductive organ) 
· Line up in order to mate (no way they can self fertilize)
· Clitellumsecretes a mucus-like sleeve that surrounds outside the earthworm and passes in front of seminal receptacles and the ovaries (makes a sock-like thing) 
· Throwing in nutrients, sperm and eggs
· Sleeve slides off and becomes a cocoon eggs and sperm fused to produce zygotes (has nutrients)

Hydrostatic Skeleton:
· In annelids each segmented body wall is a hydrostatic skeleton that is independent from one another
· This allows the worm to make directed movement by contacting and relaxing longitudinal and circular muscles

Arthropods: (Insects – solves all issues transitioning to land)
· Head: (sensory information)
· Mouth parts: feeding structure – can mould their mouth parts to feed on many different food source
· Mosquitos – use them for syringes (needles) specialized to break to skin and suck blood
· Brain and sensory coordination of the organism
· Heterotrophs – more ways to feed (potential for diversity)
· Feed on spores on non-seedless plants (fungi, ferns, liverworts)
· Thorax   locomotion
· Muscles on legs and wings
· Can disperse by getting up into the jet stream – migration leads to diversification by adapting to new environments
· Abdomen: (functional systems)
· Digestive system
· Reproductive system
· Ex. Dragonfly
· Shows us transition from aquatic to terrestrial 

Cuticle – Exoskeleton:
· Epicuticle: prevents water loss (water proof) – thin layer
· Mixture of protein and waxes to make the whole surface water proof – prevents water loss
· Procuticle: gives the skeleton its strength (made of chitin and protein) – all ecdysozoa have this layer	
· Protein matrix hardens and alpha-chitin branching

Insect Tracheal System: (never suffer from lack of oxygen)
· Transports oxygen directly to tissue (rather than diffusing it into a fluid like blood)
· Air goes into the mitochondria DIRECTLY
· Epicutle (no water loss) covers this whole system EXCEPT right where the gas exchange happens
· Gas diffuses in air better than fluid
· Spiricle: (only opens at certain times)
· Entry way into the system (right at the exoskeleton)
· Open/close gas exchange and creates a concentration gradient (high to low)
· Large amount of O2 accounted for HUGE organisms (carboniferous)

Insect Reproduction:
· Shells on eggs called chorion- shell first and fertilize after
· Water proofing occurs during spermatophore phase – internal fertilization (because zygote needs to be protected)
· Insect Metamorphosis:
· Hemimetabolous:
· No metamorphosis occurs
· Wingless insects
· Ex. silverfish
· Incomplete Metamorphosis: 
· Not dramatic
· Slowly make the transformation to adults
· Larvae have very similar lifestyle as adult (unlike complete meta..)


· Complete Metamorphosis: (larvae feeding stage – and adult dispersal and reproductive stage) (decreases competition between adult and larvae, so lots of insects use this method of metamorphosis)
· Pupa – complete reorganization of internal and external anatomy when go through pupal stage
· 80% of insects use this 
· Divides up habitat from younger from adults

Amphibians: (make their way to land – lobe fin fish)
· Amphibians
· Fish moving to land (because still moist)
· Feeding Advantage: could consume insects using big tongue! (unique food source)
· Disadvantages
· Locomotion:	
· Tetrapod stance: Side to side movement & compress lungs; hence decreased respiratory capacity
· Skin: need to keep moist and has Glands; no armor (juicy meal for others); site for gas exchange; poisons
· Reproductive disadvantage: lay eggs in aquatic environment 
· Tadpole (aquatic milieu) and move up to land (frog)
· Not always is there a need to go back to water bodies to reproduce; rather some do it in their tropical plants or mouths or water filled-blisters on backs
Amnoite (Ultimately Reptiles) Egg: [image: ]
· Life support system, protective egg during the End of Permian 
· Amniotic Fluid (Amnion): Water filled package with nutrient sources attached (Albumen, yolk sac); embryo inside there
· Chorion: shell that allows gas exchange & minimize water loss
· Issue: during metabolism; break protein down; need to be careful about N wastes (toxic) BUT the Allantois provides space for waste products
· Allantois: contains all N wastes

· Food:
· Found a food source that no one that was feeding on
· Tongue was shot out and gulp up a fly 
· Locomotion:
· Origin of the tetrapod stance
· Pectoral and pelvic girdle turned into ONE skeletal system (attach them to vertebrate column)
· Each time they move – they do not get the best respiratory system
· Skin:
· Glandular: 
· Respiratory surfaces
· Glands all over the surface of the skin to keep the skin moist 
· Secrete mucus and poisons (Mucous glands and poison glands)
· Life Cycle:
· Must return to aquatic environment to reproduce
· Haven’t solved getting sperm to egg without desiccating

Amniotes
· Base of vertebrates to come
· Ex. Reptiles, mammals inherit this amniote egg
· New type of egg
· Get their name from amnion
· Amnion: fluid filled sac that surrounds embryo
· Amniote Egg:
· Water filled package that gives embryo everything it needs
· Amnion sacis where the embryo develops
· Yolk sac, Albumenprovides nutrients for the embryo also water source
· Shell is on the very outside (has to be permeable to gases, not water)
· Allantois: structure which houses all the metabolic waste (all nitrogenous waste)

End Permian Mass Extinction: (MOST MASSIVE EXTINCTION)
· 95% of the taxa on the planet is lost; huge extinction
· Affects both the terrestrial and aquatic environments
· EXTREMELY LARGE Flood Bassalt – In Siberia
· Warms up oceans by 4 degrees
· The gas hydrates renders ocean ANOXIC (Methane produced  - rendering the oceans anoxic) Also increasing the temperature by 5 degrees
· Overall (approx. 10 degree rise in temperature of Earth – which is BAD!)
· Highly specialized organisms are wiped out!



Types of Extinction:
· Background Extinction: (via competition)
· Always losses due to certain events
· Something outcompeting something else (always things being lost and replaced)
· Mass Extinction:
· Over 50% of organisms are wiped off the planet




Causes of Mass Extinction:
· Asteroid Impacts:
· Cannot by itself cause mass extinction
· Only cretaceous 
· Elevated Carbon Dioxide: climate change
· Flood Basalts: (MAJOR CAUSES of PERMIAN mass extinction)
· Areas where the crust is weak the magma is super heated which rip through the mantle
· Ice land altered the temperature of the earth (lowered earth’s temperature)
· Can measure the intensity of flood basalts (In Siberia flood basalt activatesat end of Permian)
· Volcanoes: 
· Ash clouds, dust, debrisnot enough evidence for this to have caused extinction
· Gas Hydrates:
· Solid ice blocks of methane (contains Carbon-12) at bottom of the ocean
· When the earth heats up (4 degrees)causes the blocks of methane to turn into gas and heat up the world and oceans even further
· Another source of carbon hydrate because they release carbon dioxide to air
· Marine Anoxia:
· Methane is produced by the gas hydrates (because the temperature increase of the oceans)
· Oceans lose their oxygen contentloss of life 
· Sea Level Changes:
· Lose the rich environment of continental shelf (lose photic zone there)

Surviving Mass Extinction:
· Plants:
· Ferns, spores – hardy and not easy to lose or become extinct
· Insects:
· They’re small
· Small Size and Global Distributed: organisms manage to survive
· Generalist Life Cycle:
· Organisms that are not specialized (UNLIKE the dinosaurs – they specialized too much)


Carboniferous & Permian Periods
Carboniferous:
· Called this because plants are fixing so much carbon (low atmospheric CO2)
· End of Permian: Giant fusion of land masses (Gondwana): large terrestrial environment near equator; production of tropical, high primary productivity areas & temperate 
Terrestrial environment:
· Plants are really big but fungi will break them down now
· Fall over and fossilize to coal (today, we burn coal; carbon released back into atmosphere from these plants)
Carboniferous Coal Forests:
· Club Mosses, Giant horse tails, Tree ferns (large at this point in time)
Perfection of Plant vascular tissue:
· Tracheids: cellulose wall; lignin inside (secondary cell wall) & cytoplasm dies; continuous hollow tube; still imperfect because holes (non-quarantined) 
· Perforated end wall: continuous connection preventing any obstruction in tubes (ie. Air bubble)
Spores VS Seeds:
· Seedless, Non vascular plants (before) = homosporous (spores look the same)
· Seed plants; heterosporous where
· Microsporangia microspores (motile)  male gametophyte  Sperm (ie. Pollen: protected sperm)
· Megasporangia  megaspores (sessile)   female gametophyte  Egg
· Pollen: male gametophyte inside
· Seed Anatomy: After fertilization; seed produced; embryo (sporophyte), protective seed coat & nutritive tissue
Gymnosperm: (conifers; cones)
· End of Permian
· These accomplish this seed protection skill described above
· Wind-fertilized gymnosperm (rely on animals); male cone on bottom! of female (top) so that it doesn’t self fertilize
· Large amounts of pollen released in spring by male cones
· Male cone sporangium undergoes meiosis; 4 microspores created; then pollen fly to female cone
· 4 cells become 2 sperm & 2 other cell digs channels in megaspore
· When sperm meets egg, the micropyle (opening in archegonia); takes about a year 
· This egg case becomes the seed; cone acts as protective isolator to embryo


Lignin Anatomy:
· Lots of aromatic rings; hydrophobic (water repelling); inside vessels; lignin doesn’t absorb water & makes sure water doesn’t seep through walls of vascular tubes & continuous water flow 
· Indigestible because can’t dissolve in water & Highly crosslinked, hence no digestion
· Was toxic in itself
· Bacterial and fungal ligninases break lignin down however!
Fungi Life Cycle:
· Mycelium (n); white, meshy net connects fungi together & there are cytoplasmic opening between fungal cells; Mycelium allows for greater root surface area (underground)
· Saprophidic; secretive digestive enzymes & absorb nutrients
· Haplontic; most of life cycle haploid; dispersive mechanism; wind blowing spores around land
· When species A and A1 (same species) meet; cell walls dissolve & cytoplasm fuses; process called Plasmogamy; Becomes heterokaryotic (two nuclei not fused yet) mycelium (n + n)
· Finally due to perhaps weather, nuclei fuses (Karyogamy) & zygote (2n) forms & spores formed almost immediately  (back to asexual reproduction)
Mushrooms (Basidiomycota) Life Cycle: (these are Fruiting Bodies)
· Mycelia (n) undergoes Plasmogamy & Dikaryotic Mycelium (tightly woven dikaryotic mycelium is what you eat) produced
· Dikaryotic mycelium pull water & inflate fruiting body (mushroom umbrella; Basidiocarp); very fast growth (b/c high surface area!)
· Karyogamy occurs under umbrella (gills); Basidia on gills undergo meiosis into Basidiospores (4 in Basidia)  & transferred via Wind
· Haplontic (spores) & Dikaryotic (Umbrella) equally dominant
Ascomycota life cycle (Cup Fungi):
· Essentially same stages
· 8 spores developed in Ascus (little cup) & in mushrooms developed 4 cells in Basidia
Algal-Fungal Relationship (Lichens – a species):
· Fungi weaves with mycelia around algal cells (algal cells photosynthesize (more energy); fungal cells cannot)
· Algal cells gets minerals & moisture in return via fungi (can break down rock into minerals)
· Symbiosis relationship; still seen today
· Before rock breakdown only due to Erosion but now fungi breaks down organic matter from rocks and deposits into soil as accessible material; carbon cycling back to normal! & plants start up because can use organic material
· Types of Fungal mutualism: 
· Ectomycorrhizal fungi  Fungi on surface (ecto) on algae; plant root and mycelium (hyphae) allows transfer of nutrients
· Arbuscular Mycorrhizal fungi: Plant allows fungi to send in mycelia and invade plant cells; fungus internalized inside plant to make sure gets nutrients
********************************************************************* PODCAST LINE
Molluscs (snails) come on land
Annelida (Earthworm body wall): come to land
· Segmented body plan; each segment has circular and longitudinal muscles; each segment is its own hydrostatic skeletons
· Each hydrostatic skeleton; segment can act independently because there are walls...
· Longitudinal muscles contract (diameter increases; shorten) & circular muscles (lengthen worm)
· Locomotion:
· Segments extent forward & anchor via Setal hairs stick out when at max diameter (contracted longitudinal muscles, shortened), segment anchored  back follows
· Move through IN solid soil substrate (majority of time doing this): 
· Find cracks and spaces or move soil aside
· Or consume soil; feeding on organic material (during Carboniferous period!)
· Most important organism because of unique locomotion & feeding at this time
· Must have moisture environment and gas exchange because gas exchange on body wall!
· Spring: earthworms come up because holes flooded with water & they come up for air
· Gamete Protection:
· Hermaphrodites (both male and female reproductive organs)
· Sperm in seminal vesicles & released to seminal receptacle (female; 2 openings); line up side by side and attach (sort of) to ensure gametes transfer success via male funnels 
· Also sleeve mucilaginous (Clitellum) to again ensure no self-fertilization and successful fertilization

· Cocoon formation
· Clitellum makes sleeves & it pass in front of seminal receptacle (put sperm in it) and ovaries (put eggs in it)
· Cocoon produced; zygote develops in nutrients & water resistant
Arthropods: Insects
· Domination of terrestrial environment (Ecdysozoa) opposite of Lophotrophozoa; the insects
· Lophotrophozoa group: 
· Lophophore: feed with lophophore (filter feed) & respire with this structure too
· Trochophore: same little larval state: ciliated band in middle to throw food in mouth (spinning top analogy)
· Why so many animals on land insects?
· Insect Anatomy:
· Head: Sensory coordinator & Food manipulation (more things you can feed on, means greater diversity) ex. Darwin moth (long mouth)
· Thorax: Only function is locomotion (wings (Appear later on!), legs) ex. Monarch butterfly migration
· Wings: allows for broader food spectrum (food which others aren`t feeding on)
& broader breeding possibilities (bigger wings; bigger body at the time & perhaps because of big O2 levels in atmosphere) & avoiding predators
· Abdomen: consists of functional system (GI tract & reproductive)
· Decrease water loss via Exoskeleton: (water loss was earth worm`s problem)
· Procuticle (inner): strength giving & ALPHA chitin rods (protein) provided (all Dysozoa have alpha chitin)
· Epicuticle (outer): protein-wax complex covered hence no internal moisture loss
· Tracheal system: 
· Transport oxygen (as GAS this time, not dissolve in liquid) to body tissues directly
Ie. Oxygen supplies mitochondrion directly; beside mitochondrion; small tube with air
· No water loss because of epicuticle except tip of distal vessels epicuticle absent, allowing gas exchange
· Oxygen moves much faster now due to concentration gradient & spiracles (opening allowing O2) open when O2 in system is low
· Therefore, respiratory system do not depend on anerobic respiration so good system since atmosphere filled with O2(g) ; explains how they can travel long distances in flight since O2 never insufficient ; separated blood supply from gas supply!
· Reproduction:
· Spermatophore (waterproof sperm package)
· Chorion (shell on egg to avoid drying out); put shell on first then fertilization; therefore always has one small opening
· Metamorphosis
· Complete: larval feeding phase to adult dispersive reproductive phase (fly)
· Larvae not in competition with adult HENCE most dominant life cycles
· Pupils stage: turn off all larval genes & turn on adult genes
· Ex. Caterpillars (grind leaves) to butterfly (eggs, nectar as food, never leaves)
· Incomplete: 
· Wings & reproductive structures in adults; still competition for food & habitat
· Hemimetabolous: no wings & No metamorphosis
· Feeding, reproduction, diversity, respiration; successful & high in number
Vertebrates (Deuterostome)
· Amphibians
· Fish moving to land (because still moist)
· Feeding Advantage: could consume insects using big tongue! (unique food source)
· Disadvantages
· Locomotion:	
· Tetrapod stance: Side to side movement & compress lungs; hence decreased respiratory capacity
· Skin: need to keep moist and has Glands; no armor (juicy meal for others); site for gas exchange; poisons
· Reproductive disadvantage: lay eggs in aquatic environment 
· Tadpole (aquatic milieu) and move up to land (frog)
· Not always is there a need to go back to water bodies to reproduce; rather some do it in their tropical plants or mouths or water filled-blisters on backs
Amnoite (Ultimately Reptiles) Egg: [image: ]
· Life support system, protective egg during the End of Permian 
· Amnion: Water filled package with nutrient sources attached (Albumen, yolk sac); embryo inside there
· Chorion: shell that allows gas exchange & minimize water loss
· Issue: during metabolism; break protein down; need to be careful about N wastes (toxic) BUT the Allantois provides space for waste products
· Allantois: contains all N wastes
End of Permian: largest of mass extinction (over 50 % species gone; 90 % actually) terrestrial & marine
Background Extinction: small extinctions due to ex. species competition ; the noise near the bottom of graph
Causes of Mass Extinction:
· Marine extinction first then terrestrial
· Asteriod Impacts: Only explains the Cretaceous one (dinosaurs) in Mexico
· Marine Anoxia: oceans O2 decrease, loss of life in oceans
· Sea level changes:  lose rich environment of continental shelves
· Elevated Carbon Dioxide in Air: temperature increase of 10 degrees
· Flood basalts: areas where crust is thin; magma exposed when crust seperates (major causes for Permian mass extinction); millions of years duration (ex. Hawaii ocean floors; Flood Basalt 200 years ago in Iceland; cooled Earth’s temp. ; mini ice age; Europe vegetation ruined, French revolution;      & Flood basalt in Syberia erupts during Permian!)
· Volcanoes: eruptions releases debris that will ruin trophic chains (skeptical due to contemporary research)
· Gas hydrates: Methane bacteria in bottom oceans; cold water & pressure creates solid ice blocks of methane (methane hydrate) Contains C-12 
· Procedure of bad combination for Permian Mass Extinction:
· Large flood basalt, combined with heated oceans, methane hydrate to solid to liquid to gas; methane making oceans anoxic & up into atmosphere = 10 degree increase = extreme 95 % mass extinction
Mass extinction Survivors: 
· Plants; spores are small size, resilient and easy global distribution (ex. Ferns, gymnosperms),
· Insects; also globally distributed
· Generalist life style is preferred; Highly specialized organisms 
Mesozoic:
· Pangea: begins to split 
· End Triassic Extinction:
· Mass extinction
· This extinction is instrumental in carving out the success of the dinosaurs
· Coincides with the splitting of northern continents from southern continents
· Repopulate the oceans with bony, cartilaginous fish (Sharks – Placoid Scale), etc. Fish (from fresh water environment)

Plesiosaurs:
· Will hunt the bony fish
· Reptile found in the oceans
· Short – necked: fast and agile
· Long – necked: neck is twice the size of the body (slow)

Molluscs – Cephalapods:
· Become major predators
· Faster, agile (loss of outer shell), camouflage (colouraztion), located in depth and darkness
· Lose their outer shelltherefore they are MORE agile and become major predators

Reptiles: (DINOSAURS)
· First egg laying animals – the diapsids (Oviparous)
· Two major architectures:

Skull:
· Muscles for jaw are placed outside the skull (therefore a hole is put in the skull – called temporal fenestrae)
· Therefore this does not change the volume in the brain case
· Diapsids: 2 openings in skull (temporal fenestrae)
· ALL Reptiles (below)
· Extinct Diapsids: 
· Saurischian (Dinosaurs)
· “Lizard – hipped” dinosaurs
· Seperated pubis and Ischium
· Albertosaurus, raptors, T-Rex, Extremely large predators
· Or HUGE Herbivores (with huge long necks)
· Ornithischian (Dinosaurs)
· “Bird – hipped” dinosaurs 
· Parallel pelvic bones
· All Armoured Dinosaurs (duckbills) (weird dinosaurs)
· Herbivores
· Pterosaurs  (flyers)
· 4 legs – quadrupeds 
· Predators in the air
· Wings of skins stretched by one enormously elongated finger
· Extant Diapsids: (alive today)
· Snakes: have lost ALL tetrapod stance because uses burrowing methods
· Preying strategy: constrict the prey (suffocate prey) or inject poison using their fangs
· Develop a very unique jawhas an extra hinge (jaw can open very wide-swallow prey whole)
· Crocodiles: 
· Jaw can crush the prey and hold the prey there (thrash their pray)
· Opening muscles of jaw are very weak!
· Synapsids: 1 opening in skull
· Mammals (humans)
· Therapsidssurvives by hunting at night
· Sneaks out of burrows at night 
· Warm-blooded
· Nocturnal
· Sensory hairs (Whiskers – glandular skin produces hair)
· Anapsids: (Derived Diapsids) 
· Turtles – encased themselves completely in bone
· Ribs are fused to the inside of the shell & pectoral and pelvic girdles lie in rib cage – KERATINIZED covering
· Breath – pump their legs in/out (changes capacity of lungs, thus breathe)

Keratinized Skin: (solves water loss across body surface) 
· Protein matrix and dead cells finger nails and hair are keratinized skin
· Water proof, flexible, very hard to damage
· Ex. Finger nails
· Reptiles: scales form (in turtles, snakes, lizards)
· Solve the water loss across the body
· First vertebrate group to solve water loss across body surface

Angiosperm: (Alternations of Generations – altering between sporophyte and gametophyte)
· Flowering plants (very conservative on pollen dispersion) 
· Use animals to carry pollen to one plant to another (the plants give a sugar “reward” to the animals)
· Insects usually carry the pollen
· Fruits will surround the seeds for better protection (ex. Apple seeds fleshy material around core)
· Carpel: (Female reproductive parts)
· Female gametophytes form
· Lower part of the carpel is the OVARY
· Stamen: (Male reproductive parts)
· Contains the anthers (bellow) in which pollen develops
· Anthers: (pollen sac where microspores are produced)
· Contain the microsporangia – produce microspores 
· 2 sperm cells and 1 pollen tube cell creates pollen tube (this is the pollen grain)
· Ovaries:
· Production of Megaspores:
· Ovule will undergo meiosis – creates 8 cells (inside ovule)Double Fertilization
· When one sperm nucleus fuses with egg to form diploid zygote (2n)
· Other sperm nucleus fuses with central cell, forming cell with TRIPLOID nucleus (3n)
· Tissues derived from 3n cell are called endosperm

· 6 cells separate to the sides (3 on each side) and central endosperm – will be heterokaryote           (2 nuclei)
· 1 sperm goes to endosperm and creates triploidy to supply nutrients to the other zygotes – dedicated to nutrient production (3n)  supplies all the nutrients to the embryo (faster at producing nutrients because it’s a 3n)
· Other sperm cell goes to cell with 1 nuclei to create a diploid cell (2n)becomes embryo




Pollination Strategies: (angiosperms)
· Sexual imitation (plants that act like female bees)
· Sugars for reward to insects/bees/butterflies 
· Nectar – sugar solution at the bottom of the plant (comet – orchid and Darwinian moth able to get nectar)
· Using nectar to lure in a pollinator (like bees) – nectar is completely useless to the plant
· Honey

Insect – Plant Co-evolution:
· When two or more species interact closely in the same ecological setting
· Over time plants have evolved with their pollinating animals (because if one species evolvespressures the other to evolve as well)
· Bees: Pollinate almost 100% of our agriculture
· Butterflies
Seed Dispersal: (if seed lands it will germinate)
· Wind pollination
· Water pollination
· Seeds that must pass through digestive tracts to germinate (tomatoes – acid digestion)
Fruits covering the seeds – therefore once the vertebrates eat the fruit the core/seeds then will get pollinated and germinate

 End of the Mesozoic  and end of the Cretaceous 
· AKA   K/T boundry (& Extinction)
· Meteoroid impact 
· Iridium ; substance found from meteriote debris
· Minerals – again from meteorite via heat and compression
· Location ; Mexico
More Realistic and main reason for extinction:
·  There is also a flood basalt in India that could have been responsible for this
· In addition, there herbivores are destroying the primary productivity and as such destroyed the trophic levels; decrease primary producers, decrease higher trophic
· Evidence: Dinosaurs destroyed the natural layout of the planet & collapsed (1 T-rex left near end of Mesozoic)
· Plants and insects alive; take advantage of all the leftover goods on Earth
· 

End of Mesozoic (K/T Boundary): End Cretaceous
· Meteor impact – iridium only found in meteors (therefore we know that the mass extinction at the end of (Mexico) Mesozoic is due to a meteor impact)
· Flood basalt – involved in moving the Indian continent towards Asia
· Cretaceous Extinction:
· Iridiummeteor impact
· Location flood basalt event
· Minerals
· The LARGE herbivores DESTROYING so much of the primary productivity therefore they diminish in numbersand therefore reduce the dinosaur population altogether! 
· Dinosaurs were capable of doing global damage to the environment changed the natural layout of the planet by themselves THEREFORE dinosaurs killed themselves

Notes: Jurassic – age of reptiles

Mesozoic
· Giant land mass (gondwana) splits now
· Dinosaurs are large reptiles
End Triassic, Cretaceous Extinction: Meteorite, Flood Basalt Events (because N. And S. America splits & S. America and Africa splits creating huge massive flood basalts)

Oceans:
Plesiosaurs: (oceans); predator; preyed upon by mososaurs 
Fish today comes from: bony fish & cartilaginous from freshwater systems (these environment weren’t as affected like oceans because methane hydrates not in freshwater environments)
Molluscs – Cephalopods:
· Major predator (ex. Giant squid; 30-40 ft long)
· Gets rid of shell; means faster & can hide & camouflage effectively

Skull & Jaw musculature Classification: 
Muscles on inside of brain case; changing volume inside skull; we don’t want this so we make holes so that muscles attaches not from inside but outside via the holes (temporal fenestrae) 
· Diapsids: (two holes) most reptiles
· Extinct 
· Saurischians (Dinosaur) 
· Pubis & Ischium separate
· Two categories: Great predators(T-Rex, Albertosaurus) OR giant herbivores
· Ornithichians (Dinosaurs)
· Parallel Pubis and Ischium bones
· Weird dinosaurs; Duckbills, armoured dinosaurs; all Herbivores 
· Pterosaurs (Not Dinosaurs)
· Flying; predators; walk on their knuckles of their wings; tetrapods
· Extant (living today)
· Snakes 
· Loss of tetrapod stance; live in sub-terrains via burrowing so limbs get in the way
· Constrictors: constrict around respiratory system of prey
· Venomous: via venom
· Jaw: extra hinge and can swallow prey whole (teeth backwards to move prey in)
· Crocodilians (crushing jaws): grasp not cut; thrashing action; muscles too weak to open mouth but, strong muscles to close jaw, Thrash!
· Anapsids: derived Diapsids
· Turtles; encased completely in bone with ribs fused; no teeth; tearing; no jaw musculature therefore leads to development as anapsids (no hole)
· Synapsids: mammals (humans)
· Therapsids  Reptiles 
· Warm blooded; Nocturnal; Glandular skin & sensory hair (whiskers)
· Specialized teeth to chewed/manipulate their food 
· * beginning of Mammals!!
New innovations:
· Oviparous reproduction (egg-laying; snake; insects; vertebrates ex.)
· Keratinized skin (touch to damage; waterproof across body surface, flexible) & scales (reptiles)a
· Respiratory system internalized



Plants 
 
· Angiosperms (Flowering plants)
· Gametophyte inside Mature Sporophyte 
· Drawn in insects with a nectar reward so that they can attach pollen to them and have them transport
· Fruits & Coloured Petals (aromas) will envelop seeds and will allow better transport & attraction for animals 
· Reproduction
· The anthers contain microsporengia 
· Meiosis & : There are 4 cells inside each formation
· There will not be cross fertilization (reproductive isolation) *skeptical!
· Go to another plant; Mitosis of 1 sperm cell into 2 sperm cells, and digs into pollen tube cells and another is to fertilize
· Ovule macrosporengia will undergo meioses - will create 8 cells. 
· 6 separate to the sides ( 3 on each side) and the central cell will be a hetrokaryont
· The double cell will turn into an endosperm cell
· 1 sperm cell will go to the normal egg cell (for fertilization)
· 1 sperm will fertilize the endosperm to create triploploidy to supply nutrients to the other zygotes... Endosperm cell Dedicated to nutrient production b/c extra chromosomal compliment to do this
· This way the other cells will be able to simply grow and will not have to spend any energy on food production
· Fruit (extra layers) with seeds inside are attractive items to bring pollinators get inside and transfer pollen 
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· Pollination strategies 
·  Sexual imitation
· Colouration, Nectar (specific morphological structures ie. Darwinian moss; big mouth = huge diversity!) Aroma
· Co evolution: The bees and the Butterflies are the biggest pollinators 
· Incident: Interruption of bee crop circulation in states; biologists pooled in together (connection to Douglas Adams 4th age of sand; communication via internet) to restore agricultural goods production

· Seed (not pollen) dispersal
· Wind 
· Water 
· Animals (pollination or fruits) 

End of the Mesozoic  and end of the Cretaceous 
· AKA   K/T boundry (& Extinction)
· Meteoroid impact 
· Iridium ; substance found from meteriote debris
· Minerals – again from meteorite via heat and compression
· Location ; Mexico
More Realistic and main reason for extinction:
·  There is also a flood basalt in India that could have been responsible for this
· In addition, there herbivores are destroying the primary productivity and as such destroyed the trophic levels; decrease primary producers, decrease higher trophic
· Evidence: Dinosaurs destroyed the natural layout of the planet & collapsed (1 T-rex left near end of Mesozoic)
· Plants and insects alive; take advantage of all the leftover goods on Earth








 Cenozoic – Paleogene and Neogene (14 Ma)
· Get rid of the specialized reptiles
· All reptiles that dominate oceans and skies
· Turtles, snakes, and crocodiles survivecomes with specialized habits (snakes-burrows, turtles-shells, etc.)

Birds:
· SEPERATE lineage from pterosaurs 
· Feathers can be used as a trapping mechanism – great way to get insects (protein food source)-swat insects 
· Eventually you will be able to escape from enemies – by flying
· Theory of Flight: (both theories dependant on insects – because they are tapping into new feeding source)
· Bottom – Upstarted on the ground and realized they could fly to catch insects
· Top – Bottom falling out of trees gliding to catch insects

Feather Structure:
· Large surface area – however it is VERY light (non-living, slightly porous, extremely light surface)
· Feathers are keratinized (forms feathers) – NOT skin
· Interlocked hooks and barbules 

Flight Adaptation Skeleton:
· Attached to the breast bone are all the flight muscles
· Keeled Sternum: (Breast bone) All the flight muscles are attached here (both to raise the wing and push down) 
· Tail goes away and muscles go away too
· Bones are porous – hollow (lighter)

Parental Care:
· Birds and mammals perfect parental care
· Lots of time and effort to create just A FEW offspring (whereas before it was the opposite)

Mammalian Integument: Therapsids – warm blooded (survived end crustaceous extinction)
· Hair – is a dead keratin structure: 
· Glandular skin:
· Oil was constantly being added to hair to keep them strong and sturdy to make sure it never dries out and gets brittle
· Insulation – Can raise or lower hair depending on temperature
· Sweat:
· Gland that produces sweat
· Cooling system
· Moving water to the surface so that organism can cool itself
· Glands: 
· Used glands as a communication system (chemical communication – pheromones)
· Skunk – glandular secretion 
· Nutrient system (nourishes the young – mammory gland)

Mammal Jaws:
· Set of teeth that are unique to the feeding strategy 
· Herbivores: Incisors designed for snipping vegetation and will have molars to grind food down
· Omnivores: Bites off chunks, does not have to thrash and whatnot, can just sit and eat
· Carnivores: Large canine teeth at front, chomp and chomp and break chest cavity to kill/immobilize prey
· As the mammal grows – jaw grows (thus need to add more teeth)
· Mammals have a set of baby teeth and a set of adult teeth





Mammalian Reproduction:
· Oviparous:
· Lay an egg and take care of egg (which will get nutrients from egg)
· Platypus, Monotremeswhen embryos hatched, would hold the embryo’s at the mammory glands to nourish them
· Viviparous:
· Fertilize the egg INSIDE the female (female then take care of young)
· Marsupials: kangaroo
· They are half way to becoming viviparous
· Embryo develops and then very quickly go into the marsupial (pouch)
· Have not solved baby being able to develop inside the body! (body see’s the embryo as a parasite)
· Eutharians: (perfect the internalization of the embryo LIKE angio/gymnosperms)
· Placental Mammals (no immune system problem) – there is a blood barrier 
· The waste and nutrition will be taken care of by the female (by blood barrier)
· Therefore the embryo can develop inside the female the entire time
· Horses, humans, etc.

Macroevolution:
· Evolution above the level species
· Includes: 
· Adaptive radiations of taxa
· Biodiversity changes over time (paleontology)
· Extinctions
· Speciation
· Origins of novel structures

Paleogene and Neogene

· At this point the continents are where they are today 
· Specialized reptiles are going to go away and the niches are available for other organisms
. Turtles, snakes crocodiles survive this period 
 
Birds: separate from the Pterosaurs (dinosaur flyers)
· Begin to appear but why feathers?
. They can be used to insulate 
. They can also be used as a trapping feeding mechanism to capture insects (fly swatters)
. Eventually you can escape from predators and you can get off the ground 
3. Theory of flight : 1st: Bottom up Strategy
1. 2nd : Top down Strategy (both required for insect feeding requirement)
· The Feather 
. Large surface area to create more lift; and as such it must be light 
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. Instead of skin you need to use something else so that you do not need to use energy to move it and regenerate it 
. Keratinized  
. They fix feathers to interlock hooks and barbules; yes there are holes but there is still enough surface area to get lift 
· The Skeleton
. Keeled Sternum (Breast bone )
1. Holds all the flight muscles 
. Tail goes away and muscles go down as well 
. The bones are now porous and hollow 
. The muscles are now found at the center of gravity to make more dense & to easily move wings
· Parental Care 
. The parent will collect food and then feed the young 
. This means that now there is going to be a reduction in the number of young since there is a concentration on a single/ few young per parent and not the huge numbers from before 
 
Mammals: Therapsid survives Extinction
· Hair
. Dead Keratin structure 
. Insulation 
. Glands (Sebaceous gland lets the hair get covered by oils to help protect the hair by preventing drying)
· Glands
. Communication via Chemical signals (dog smelling, skunk smell; run); pheromones (sex hormone)
. Nutrient system for the young (mammary gland)
. Sweat 
3. Moving water (again for cooling)
3. Cooling  (because  you are warm blooded)
· Moving jaws 
. Herbivores
1. Snipping vegetation (small uniform teeth)
. Carnivores  
2. Chomping and biting (large sharp teeth in front)
. Omnivores (humans)
3. Baby and Adult teeth to allow growth of the jaw 
· Reproduction
. Oviparous -  lay an egg and then take care of this 
1. Monotremes; duckbill platapus 
. Viviparous
2. Embryo develops Internally  
2. Marsupials - they are half way to doing this (Kangaroo)
2. There is an immune system problem,  where the female system will begin to reject the young embryo because it sees embryo as foreign; need to separate ASAP
2. Eutherians - Placental Mammals (no immune system problem) - Blood barrier 
3. The waste (allantois) and nutrition (placenta)  exchange will be taken care of by the female
· Parental Care 
** Darwin`s theory that all species came from one organism from each of the major taxa is confirmed via phylogeny

Macroevolution
· Evolution above the level of species
. Adaptive radiation of taxa
. Biodiversity changes over time 
. Extinctions 
. Speciation 
. Origins of natural structures ; wings, limbs etc.
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