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Mesozoic: Triassic, Jurassic, Cretaceous lecture notes

Mesozoic (245-65 Ma)
· During Phanerozoic eon
· Age of Dinosaurs because most dinosaurs developed, and went extinct, during that time
· The continents gradually shifted from a state of connectedness into their present configuration; the drifting provided for speciation and other important evolutionary developments
· The climate was exceptionally warm throughout the period, also playing an important role in the evolution and diversification of new animal species
· Reptiles: only body plan on land
· Triassic, Jurassic, Cretaceous
· Early Triassic: major plate movements, to become like today
Jurassic

· Believed that flowering plants arose at this time
· Birds appeared at this time as carnivorous, bipedal dinosuars
· Two lineages of dinosaurs, “lizard-hipped” saurischians and “bird-hipped” ornithischians, proliferated in the Triassic and Jurassic
Cretaceous

· last period of Mesozoic
· Extinction
· Not as severe as we once thought
· Did not create years of winter
· Downgraded as the cause of the mass extinction
· Dinosaurs were over grazing and too successful and dispersed and were destroying primary productivity (angiosperms) on a very large scale
· Food webs became fragile
· Dinosaurs disappeared – too specialized
· The asteroid impact was the last straw that knocked the terrestrial animals out
· Small warm blooded animals were not affected, plants and insects too
End Triassic extinction

· mass extinction, some marine and half of land species wiped out

· allowed dinosaurs to assume dominant roles in Jurassic

· occurred just before Pangaea started breaking apart

· possible explanations: gradual climate change or sea level-fluctuations, asteroid impact, massive volcanic eruptions specifically flood basalts released carbon dioxide causing global warming

· end of permian > amniote egg on land 

· early triassic: shifting of continental land massing starting to occur. little extinction= seal the faith of the terrestrial vertebrate form 

· triassic to jurassic > shifting of all the continental land masses

· towards structure of the planet that we would see today

· among amniotes > group of animals ancestors to vertebrates 

· going to get 3 major architectures of the skulls > diapsids (dominate on land)

· synapsids > our lineage 

Plesiosaurs

Plesiosaurs

· Bony reptiles
· Ogo Pogo and Loch ness monster
· Bony fish migrated back into the ocean; carnivores and large predators
· Eat fish
· Paddle like limbs
· Similar to Turtle
· diapsids move into the oceans> large. 

· feeding on life in oceans (permian wiped out most fishes). but they were still living in fresh water > ocean became open and recolonized in this = bony fish took off (cartilaginous fish come back too > sharks come from here). 

Mollusc- Cephalopods 

Mollusc

· Cephalopods
· Agile
· Lose of shell
· Octopods and squids
· Can pump massive amounts of water , therefore speed and agility
· Arciticus = largest squid in the world
Cephalopods

· active marine predators and include the fastest and most intelligent invertebrates
· body has a fused head and foot
· The ancestral “foot” forms a set of arms, which are equipped with suction pads, adhesive structures, or hooks
· highly modified shell.
· Some species use their radula to drill through shells of other molluscs
· Lost shell: there were so many big organisms in mesozoic- mollusk shed shell to be more motile 
· Not a lot going on in marine mesozoic 
· another change > lose their shell to become more agile/mobile with jet propelled water system (squids and octopods that we know today) in response to the more agile swimmers in the oceans

Amniote phylogeny

Amniote animals

· the only lineages that still exist today are turtles, snakes, croc, mammals and birds
· Most people think dinosaurs came up on land and were successful but they actually survived two mass extinctions so the ones we know as dinosaurs were the left over’s
· Unique skull
· Anterior swelling of nervous system, the muscles in the jaw turn it in to a powerful feeding structure
· The earliest were inserted on the inner surface of the skull to change shape of them and change volume of cranium capacity
· Muscles got bigger and bigger and they would take up too much space in the skull
· So there is an opening in the skull and muscles come out to outside surface
· Jaw muscles either come from two opening-monapsis or one opening-synapsis
· Anapsids
· insects fine. but also get 1st vertebrates up on land> feed with jaw (early thing: cartilaginous fish, bony fish, amphibians etc > jaw to hold on prey, scales that enlarges into teeth for cartilaginous)

· jaw in terrestrial = main feeding structure

· muscles on jaw very large to accommodate crushing/tearing 

· jaw muscles insert into inner surface of the skull > insertion of the muscles = when contract/expand they change their shape > as you push on muscle change shape of the cranium and the brain inside (this isn’t good> squeezing brain)

· soln: put holes in the skull and muscle moved to outside of the skull (not changing cranial capacity)

Major reptile groups 

anapsid

· Body of turtle is solid bone – shell = fused ribs
· Vertebrae, amniote, ribs
· Fusion of bone as protective strategy
· Ocular, nasal opening
· no opening in the skull
· Hole has been filled in 
· Generally show two lineages
· Birds, turtles
· Advanced/derived form of diapsids
· No massive jaws with teeth
· Minimize jaw to small beak like structure, don’t use jaw much
Diapsids

· Extinct and extant, amniote
· See the three muscles of the hip as well as animals that don’t need to do a push up to stand up
· Reptiles (snakes, crocodiles, lizards) and dinosaurs, pterosaurs, birds
· 2 spots for jaw muscle insertion
· turtle *view notes below about anapsids 
Synapsids

· Extant Reptiles with single pair of lateral temporal openings in skull – mammal-like reptiles
· Includes mammals and humans
· One spot for jaw muscle 
· Synapsids and diapsids give jaw more musculature, but problematic – decreased size of brain
· Reptiles – therapsids: warm-blooded, nocturnal (because they can stay warm), glandular skin (can identify each other without light – use scent), specialized teeth and chew their food
· now know that anapsids are diapsids that closed their opening when taking on a new feeding habit (2 strategies to work with jaw muscles when vertebrates move up on land)

· as we come up on land > egg and 2 architectures for improving feeding structure. defines amniote group 

· amniote egg>diapsid diversifies 1st > colonize oceans start to swim > move up on land > eat insects > start to fly > descendants: turtles, snakes, birds, crocodiles 

Oviparous reproduction 

Oviparous

· Egg laying
· Have an egg case
· Use of eggs on land was a major innovation
· Lots of predators in the oceans 
· Eggs up on land KEY
· Once thought that most reptiles don’t have parental care when young but now we are finding that there was in fact some care
· on land have to solve issue of waterproofing skin. all the amniotes producing eggs = oviparous. waterproof embryo but have to waterproof skin. 

Keratinized skin 

· take dead skin cells mesh with protein (keratin cross link with outer epithelial layer = waterproof body wall)

· everybody is going to inherit it. modified further to make horns, antlers, nails, hair.

Keratin

· Waterproof and protective skin
· In birds mammals and reptiles
· Keratin protein cross linking with cells of outside layer and is waterproof and flexible
· Scales, feathers, hairs
· Help keep constant body temperature
· Scale, cornified layer, epidermis, dermis, chromatophores
· Cross-linked dead skin cells on surfaces – sometimes modified into scales, fingernails, hair, etc
Anapsids - turtles 

· body plan different than everyone else. 

· reptiles>breath by expanding muscles between the ribs> fill and empty lungs.

· but the turtle lost its opening in the skull when it fused all bones together to create a box in which they live (solidifying bone as a protective surface). 

· consequence: don’t have strong jaw power in terms on how they feed 

· genetic analysis, DNA sequencing: belong on diapsid = closed diapsid skull. 

Major diapsid groups 

· huge number of diapsid gone extinct > cretaceous extinction

Extinct

· Diapsid group
· Dinosaurs and Pterosaurs
· Get limbs under the body so they don’t have to do a push up to get up and to become mobile and develop speed (unlike amphibians)
· Two complete different plans for achieving it
Extant

· Diapsid group
· Snakes, crocodiles and lizards
· Snakes have two ways of feeding: constrictors or venomous, swallow prey whole – need to immobilize it first
· Snakes have highly modified jaw with extra hinge, can enlarge to swallow prey whole
· Snakes got rid of tetrapod stance because they were burrowing – in protective environments
· Crocodiles: powerful, crushing jaws, very unchanged – can’t cut food yet, but they are not so primitive that they just hold food – they crush food
Extinct diapsids 

· cretaceous extinction wipes them out

1. Saurischia

· Ex: T-Rex, Albertasaurous
· Major predators
· Extinct diapsids
· The socket where the leg fits is formed from three bones; Ishium, illium, and pubis (anchored limb in)
· Ball of acetabulum is inside the socket
· In all predatory groups and plant eaters
· large necks > herbivores 

· also become carnivores (t-rex)

2. Ornithischia

· Ilium, pubis, ischium
· Top bone and bone on bottom and ischium stick out the back
· Make sounds with their heads and trumpet
· Extinct diapsid
· Bird-hipped dinosaur
· The largely herbivorous ornithischian dinosaurs had large, chunky bodies
· Didn’t survive as well as saurischian 
· duck billed ones and the one with plates of armour.

· 1 and 2. > major dinosaur groups> architectures for supporting body on limbs below (gravity)

3. Pterosaurs

· Not Flying reptiles that are not dinosaurs
· Quadrupeds
· Knuckle walkers because the membrane that is used for the wing is connected to a digit
· Extinct diapsids
· able to fly 

· take limb and weave membrane from last finger to back leg. 

· clumsy when they land > fold knuckles up (quadruped to walk on leg) > spread membrane to fly. 

· mammals later will conquer all these lands. at this time only diapsids

Extinct diapsid - snakes-venom

· survivors that we have

· discarded tetrapod body plan: have no limbs

· if going to be a predator have to have special techniques and methodologies to subdue prey. 

· before you swallow your prey have to subdue it. wrap around prey and suffocate it (constrictors) or use venom > get into prey and very quickly immobilize/kill prey so that you can consume it.

· modification of jaw> extra hinge> swallow prey whole (not kicking because immobilized). new feeding technique.

Extinct diapsids - Crocodiles- crushing jaw 

· another survivor: also have diapsid jaw 

· use of teeth> all the same shape and form. 

· sneak up on prey (like the shark> tearing/trashing) but have weak link in jaw> let it snap and grab its nose > muscles to open the jaw are extremely weak compared to muscles in the finger

Synapsid reptiles 

· other survivor = synapsid. our relative (we are synapsid) 

· 1 of their body morphology > rays and fans > thermoregulating> reptiles are ectoderms need to get heat from outside their bodies

· in these bodies by the time we get into the end of mesozoic>  therapsids

Reptiles - therapsids

· warm blooded *reptiles that have started to thermoregulate

· nocturnal *active at night when the temperature has dropped 

· glandular skin * communicate with scent and smell

· specialized teeth and chewed their good 

· competing with small reptiles of the same size 

· nocturnal and burrowing

· onset of the mammals

Angiosperm life cycle 

· plants still overproducing sperm in attempt to reproduce > need ^ efficiency

· major innovation = double fertilization: reference to sequence of cells in the ovule of the female (megaspore)

· in gymnosperm have megaspore go through meiosis > 3 products disappear and 1 is left and sat and waited for pollen to show up and to pollinate it 

· megaspore tissu[image: image1.png]


e nutrient reserve 

· in the flowering plants: get usual mitosis and after meiosis we get single meiotic product which will  divide once to get 2 more, divide another time to get 2 more. happens 3 times = 4 products from each cell (coming down 2 lineages). 1st pair of division = stick together so we get 2 clusters of 4 (8nuclei) 

· those 8 nuclei will aggregate different ends of megaspore > of the quartets 1 nuclei goes from each> 2 nuclei move to centre, end up with 3 left over at one end and 3 at other > at the end where the opening to the egg where the sperm has to travel down > 1 of the ‘triplets’ becomes the egg(fertilize in process) > rest guide pollen tube that is coming down. 

· pollen tube coming down from the pollen that has landed on top > difference: 2 sperm nucleic (2 haploid nuclei> last time 1) > when these arrive at base of pollen tube > 1 is going to join 2 in the middle (triploid 3n endosperm> supply and reserves for the embryo) and other is in going to fertilized egg in the megaspore (embryo 2n) = double fertilization 

· plants have no problem with polyploidy

· 3n endosperm adv: very rapidly build reserves= means endosperm can grow quickly

· other adv: now we are only making a large megaspore and nutrients only when fertilization occurs. 

· end result = seed by different mechanism. still has its coat and needs to be dispersed. 

· added > don’t rely on passive wind pollination to pollinate > set up conditions, appearances, sugar reward for pollinators 

· pollen instead of randomly produce large amounts > more specific looking for carriers for it.

Angiosperm

· Most successful plant form today

· Arose in Triassic or Jurassic period

· Angiosperm innovations: extra water-conductor, endosperm and enhanced reproduction

· Sporophytes can also reproduce asexually

Double fertilization

· Results in formation of embryo and endosperm
· one sperm nucleus fuses with one egg nucleus to form a diploid (2n) zygote. The other sperm nucleus and the two polar nuclei of the remaining cell also fuse, forming a cell that will give rise to triploid (3n) endosperm in the seed.
· Self-fertilization doesn’t happen because of S genes – would eliminate need for wind and pollinators
Life cycle:

· Mature sporophyte (diploid)
· Female gametophytes form in ovules, males in pollen sacs in anther
· Ovule: meiosis, then 2 rounds of mitosis with no cytoplasmic division = single cell with multiple nuclei
· Cytoplasmic divisions = 7-cell female gametophyte
· Pollen sac: meiosis and cytoplasmic divisions = haploid microspores – become pollen grains
· Pollination occurs (pollen reaches flower stigma), then pollen tube grows to ovary: tube has 2 sperm (mature male gametophyte)
· Pollen tube reaches ovule: one sperm fertilizes egg, one fertilizes endosperm-producing cell = double fertilization
· Double fertilization: seed with embryo sporophyte (2n) surrounded by nutritious endosperm (3n)
· Seed germinates, grows into seedling, and then mature sporophyte
Anther

· In plants, a structure in which sperm is produced
· The anther of each stamen divided internally into pollen sacs where microspores form and give rise to male gametophytes (pollen grains)
· Male part of plant
Endosperm

· unique nutritive tissue
· that nourishes the embryonic sporophyte.
Megasporangium

· Encloses a single mega spore
Megaspore

· Found inside a megasporangium
· As in all land plants, the megaspore will give rise to a female gametophyte; because this is a heterosporous plant, the gametophyte will develop inside the megaspore wall and inside the megasporangium 
· he megaspore produces a female gametophyte inside the spore wall; archegonia of this gametophyte produce eggs as in other seedless plants.
Microsporangium

· found in seed
Microspore

· the microspore  gives rise to a male gametophyte, which produces motile sperm
· maturity, the microspore  wall will rupture, releasing the sperm, which swim to the female gametophyte; water is thus still required for fertilization in these plants.
Ovule

· Structure in the carpel where a female gametophyte develops and fertilization takes place
· Formed in the ovary
· Eggs are produced by female gametophytes inside ovules.
Stamen

· Male reproductive organ in flowers, consisting of an anther and slender filament (supports anther)
Pollen

· The male gamete
· Not very effective
· Pollen has two nuclei on it 
· One makes a pollen tube and another makes the sperm
· The sperm undergoes division into two and the tube that is built allows both sperm to go down, hoever only one is involved in fertilization
· One will fertilize the egg and the other will fuse with the two nuclei in the middle
· So now there are three nuclei and a zygote
· The cells in the middle are triploid
· Make endosperm after undergoing all divisions
· Two cells are fertilized, one from zygote and the other from endosperm
Pollen tube

· Tube that grows from a germinating pollen grain through the tissue of a carpel and carries sperm cells to the ovary
· Created by one of the nuclei on the pollen
· After division of the other nuclei, the two sperms go down the pollen tube to reach the egg
· One fertilizes the egg
· If compatible pollen lands on the stigma, the receptive surface of the carpel, it produces a pollen tube that grows down the style to the ovary, where ovules are formed. Eggs are produced by female gametophytes inside ovules.
Seed

· The structure that forms when an ovule matures after a  pollen grain reaches it and a sperm fertilizes the egg

· Seed dispersal: wind, water, animals

Pollination strategies 

Pollination

· The transfer of pollen to a flowers reproductive parts by wind or the bodies of the pollinators
· pollen grains make contact with the stigma of a flower
· Strategies: flower is a mechanism to attract pollinators through their smell
· Plants produce nectar as a gift to the insects only
· As plants evolve they learn to hide their pollen for only certain insects
· Birds, insects and bats can pollinate
· The insects with exception to the butterfly can’t see red so the red flowers are for birds or mammals
Nectar

· Produced by plants to reward pollinators who pollinate on them
· Sweet and sugary
· Through evolution, plants have learned to hide their pollen for only certain insects
· bats, birds 

· major pollinators of plants (insects)

Insect plant co-evolution 

Co-evolution

· Between insects and plants
· Bees see ultraviolet light and are lured by sweet smells
· Bats and moths are attracted by light petals – easier to see in the dark
· Butterflies can see red
· Madagascar moth with huge proboscis and orchid
· 50% of bees in a year disappeared in the US
· evolution of these two are tightly tied together
· evolution of genetically-based, reciprocal adaptations in two or more species that interact closely in the same ecological setting
· insects pollinate flowering plants

· flowering plant diversify structure to lure insects 

· plant trains insect to pollinate it. insect learns which plant it can get sugars from. 

· whole landscape of plants going to change > flowering plants take over.

Seed dispersal 

· efficiencies in dispersals of seeds: wind, water, animals 

· seeds can be large (with that endosperm)

· endosperms make them travel/float in air

· take seed surround with fruit > something will eat fruit > comes out another end at a distant pt of original plant. 

· plants can’t move find insects/pollinators to move them 

· don’t disperse > new seeds

· end result = massive explosion

Fruit

· Animals eat the fruit (withstands digestive gut) and carry the seeds then expel the seeds in another location
· A mature ovary, often with accessory parts from a flower
· Helps to protect and disperse seeds
· A defining feature in angiosperm
· Pericarp: fruit wall
K/T boundary 

K/T (K/P) boundary

· K is the traditional abbreviation for the Cretaceous period, and T is the abbreviation for the Tertiary period
· The boundary marks the end of the Mesozoic era and the beginning of the Cenozoic era, and is associated with the Cretaceous–Tertiary extinction event, a mass extinction
· the K–T extinction event is now called the Cretaceous–Paleogene (or K–Pg) event by many researchers
Cretaceous extinction 

· comes to an end at the end of cretaceous = meteor impact assumed to hit. 

· may not have been as catastrophic as we thought

· large carnivorous dinosaurs were already declining when the meteorite hit (ecosystem collapsing) > they were roaming and reeking havoc > consume more primary productivity than could be produced (starving themselves)

· more likely: ecosystem based on reptiles > meteorite impact last straw and it collapses

· 2 groups sill there 

Extra keywords 

Bird hipped dinosaurs

· Ornithischians
· The largely herbivorous ornithischian dinosaurs had large, chunky bodies.
· armoured or plated dinosaurs
· most abundant in the Jurassic and Cretaceous.
Carpel

· modified sporophyll which surrounds and protects the ovules.
· Carpels are located in the centre of flowers , reproductive structures that are a defining feature of angiosperms.
· Composed of stigma (where pollen lands), style (extension of ovary wall, ovary (egg develops from megaspores, fertilization, seeds mature)
· Female part of flower
Cartilaginous fish

· The crocodiles are very similar to them
· They have a massive crushing jaw, not made for chewing
Pangaea

· The earth when it was all attached as one
· Before continental drift
· Brock apart in this era
Placoid scale

· Found on cartilaginous fish (sharks)

· Also called denticles – similar to tooth structure

Ray-finned fishes

· Fins are webs of skin supported by bony or horny spines (rays) instead of fleshy lobed fins

· Many extant

Sauropods

· Lizard-hipped dinosaurs
· normous sizes attained by some species, and the group includes the largest animals to have ever lived on land
· herbivorous (plant-eating), usually quite long-necked quadrupeds (four-legged), often with spatulate (spatula-shaped: broad at the base, narrow at the neck) teeth. They had tiny heads, massive bodies, and tended to have long tails.
· Along with other saurischian dinosaurs (such birds and other theropods), sauropods had a system of air sacs, evidenced by indentations and hollow cavities in most of their vertebrae. Pneumatic, hollow bones are a characteristic feature of all sauropods
· Their hind legs were thick, straight, and powerful, ending in club-like feet with five toes, though only the inner three (or in some cases four) bore claws
Temporal fenestra

· Small opening or perforation, as in a bone

· Most amniotes have at least one hole in the skull behind eyes – evolved to allow more room for jaw muscles

Theropods

· Bipedal surischian dinosaurs

· Mostly carnivorous

· Triassic to Cretaceous (Mesozoic Era)

· Fast-moving, intelligent

· Ex. T-rex

Vertebrate

· Hagfish are the most ancestral living vertebrate
· Oldest known fossils come from the Cambrian
· Animal with bony or cartilaginous skeleton with segmented spinal column and brain enclosed in skull or cranium
· Ex. Fish, amphibians, reptiles, birds, mammals
· chordates

