
The Creation of the Earth and Moon and First Life
Birth of the Earth
· -  About 4.5 billion years of age
· -  Theia about half earth's size collided with young earth ripping away huge sections of the earth's crust and shooting millions of tons of molten rock and debris out into space.
· -  50-100 years after that molten rock and debris is said to have formed the moon
· -  This theory is supported by Apollo missions bringing back moon rock as moon rock has a remarkable similarity to the outermost layer of the earth’s crust.
· -  Also found support in computer simulations created by astrophysicist, Robin Canup.
Early Earth
· -  Fossil corals have 410 growth lines in a year, leading us to believe
that when these ancient corals were alive there were 410 days in a year.
· -  400 million years ago, a day lasted 21 hours instead of 24 hours
· -  In turn, this suggests that the earth must have been spinning much faster than today.
· -  Using this information and extrapolating backwards has led scientists to conclude that after its collision with Theia, an earth day would have lasted only 6 hours.
· -  Also after its collision with Theia, the earth was bombarded with comets formed from ice. The ice melted and combined with water condensed inside the earth to form the first oceans.
· -  At this time the earth was spinning 4 times faster that today and was subject to furious rainstorms and 500 mile per hour winds.
· -  Atmosphere was a combination of carbon dioxide and acid rain
· -  The moon was 10 times closer to the earth than today with a much stronger gravitational attraction.
· -  Gravitation attraction pulled hardest on the new born oceans causing huge tides which washed across the planet at hundreds of miles an hour.
· -  The result was to tear up millions of tons of debris from the land, adding huge quantities of minerals and nutrients to the oceans, creating what is commonly called a primordial soup
· -  Minerals and nutrients are free to interact with each other and produce the first amino acids and basic proteins which became the building blocks of life. It was from this environment, this primordial soup, that the first living cells are thought to have emerged.
Emergence Of Life
· -  Fossils from KwaZulu-Natal, South Africa, can determine how life formed
· -  And three billion year old bacteria which grew on the ancient sea floor. (Microbial mats*) 
· -  Fossils tell us when bacterial life took hold on this planet and also what the oceans were like at this time.
· -  Water levels etched into the rock strata point to a calm and shallow ocean, suggesting that the violent tides and winds caused after the collision with Theia had passed.
· -  change in conditions was partly the result of the Moon and its gravitational effect on the oceans.
· -  a Process known as tidal friction caused by the gravitational attraction of the moon, acted as a brake slowing the earth’s rotation or spin.
-  Tides and continents met the water, pushing against the land created friction which slowed down the earth.
· -  Occurring over millions of years, this tidal friction slowed the earth’s rotation with the result that the hurricane winds diminished and the days became longer.
· -  Moon is moving away from the earth at a rate of 1.5 inches per year.
· -  Huge tides that it created also had a gravitational pull, giving the moon energy and pushing it farther away from the earth.
· -  As the moon moved away, the nutrient rich oceans become calm permitting more chemical reactions which in turn gave rise to the first life.
· -  Studies of fossilized rocks called stromatolites (complex communities of bacteria which deposit limestone and build up reefs) which are almost identical to organisms that populated earth 3-3.8 billion years ago.
· -  The proliferation of ancient cyanobacteria and their development of photosynthesis, had two main effects.
· -  The bacteria flourished and evolved building up oxygen which changed the atmosphere and allowed complex organisms to evolve.
· -  However, 3 to 3.8 billion years ago, oxygen was poison to most of the life on the earth.
· -  Life could not adapt to an oxygen atmosphere and died out, leaving cyanobacteria to flourish and evolve.
· -  Over the course of time, oxygen took over the earth’s atmosphere.
Snowball Earth
· -  This event occurs in the Cryogenian Period (850 to 630 ma) during the Proterozoic eon
· -  650 million years ago, glaciers over ran the  planet, -75 degrees, layers of ice thousands of feet thick
· -  Lasted 25 million years
· -  Most life forms died out, but some did survive paving the way for future life
· -  650 million year old drop stone found in Australian outback sand which means it was moved over thousands of miles by ice that formed glaciers
· -  Glaciers carved out stone from mountains (drop stones) and transport them
· -  Hottest place in the US contain drop stones
· -  Magnetic signatures of rocks help determine where dropstones came from
· -  Pattern of the magnetic field allows the determination of the latitude
· -  Magnetic signatures from rock cores from the Flinders Range in the Australian Outback prove that 650 million years ago, Australia was located near the equator,
· -  This suggests that the glaciers were on the equator.
· -  The presence of ice along the equator, which is the earth’s warmest climate zone, suggests that the whole earth was covered by ice
· -  For the planet’s life forms (single-celled organisms trapped beneath the thick ice crust), this was the beginning of their extinction.
· -  During ice ages, glaciers usually never reach equator and were caused by changes in a planet’s orbit around the sun
· -  However, this time it is believed to have been an imbalance in our atmosphere: more
· -  specifically, too few greenhouse gases like carbon dioxide.
· -  Lack of greenhouse gases which turn sun rays into heat caused freezing temperatures
· -  Without a base level of CO2, the earth could not maintain a moderate climate
· -  Lead Edge: where ice which is frozen to the shore meets the Arctic Ocean water
· -  The lead edge contains water and sunlight making it a productive area of life
· -  Sea ice was replacing sea water, less sea water means less warmth for the planet
· -  More ice, more reflection, less heat
· -  Deep beneath ice sheets; most single celled organisms died, almost extinct
· -  Required existing life in the form of bacteria to adapt or die, some did adapt
· -  the bridge of ice in caves contained dust which acted as a surface for microbes to live on
· -  Microbes called extremophiles are found in the interior of the glacier where the temperature is 4 degrees below freezing.
· -  Deeper down cyanobacteria are found which are incredibly resistant to all kinds of stress that they can be put under.
· -  Cyanobacteria are adaptive, being able to survive some really extreme conditions
· -  Unlike humans were there cell walls burst when they freeze Cyanobacteria have the ability to change the structure of their DNA so it does not get damaged.
Back to Normal
· -  After 25 years earth began to warm and ice sheets began to melt
· -  Mount Augustine volcanism was the driving force behind warming the earth.
· -  Volcanoes began erupting through the ice sheet
· -  When volcanoes erupt they also produce huge amounts of greenhouse gases, particularly carbon dioxide.
· -  Over a period of around a million years, this caused carbon dioxide levels to rise until a critical point was reached
· -  Carbon dioxide-rich atmosphere trapped the sunlight, increased temperatures and finally melted the ice.
· -  Single celled organisms in the ocean that survived began to evolve
· -  3 Million years after the end of Snowball earth, the warm climate triggered an evolutionary explosion where single cell bacteria evolved into multi-celled creatures.
Origins of Life and Random Events
Theories Of Origin Of Life
- 3 Hypothesis/Theories regarding the origin of life on earth
1. Amino acids, formed in what is called the primordial soup into the earliest microbes
(bacteria).
2. either amino acids or single celled microbes may have originated on another planet in our solar system (presumably Mars) and were imported to the earth by meteors or asteroids which themselves originated when huge rocks and boulders were shot into space and eventually pulled to the earth by its gravitational pull.
3. either amino acids or single celled microbes were formed somewhere in the Milky Way Galaxy itself and over time found their way either as hitchhikers on comets or asteroids or possibly even as travelers in their own right until caught by earth’s gravitational pull.
· -  No evidence for 2nd or 3rd theory but we know that amino acids or single celled microbes can exist in the harshness of space
· -  Safest theory is where life started on earth
Idea of Random Events
· -  Formation of the solar system that coalesced out of the cloud of gases that was the remnant of a dying or exploding nearby star
· -  All of these events and more, determined how life emerged on the earth and the direction that it would take. Mass extinction events, each event turned back the evolutionary clock, forcing life to start over again in an unanticipated direction.
· -  We don’t know if we can call these events random or predictable For example: 2 Ways to explain the collision between Theia and earth
1. Collision between the earth and Theia was a random event.
2. if we understand how planets orbit the sun, then it could be said that given the orbit of the earth and Theia, their collision was inevitable.
· Text: Dinosaurs A Very Short Introduction: Know fully and completely - and
also know Chapter 1 pp 10-17, as highlighted in class
· -  Dinosaurs are popular because they are big scary and dead, and it is true that their gaunt skeletons attract children
· -  Relationship between the latent appeal of dinosaurs and the human psyche can be found in mythology and folklore
· -  Greeks had contact with nomadic cultures in central Asia
· -  Griffin/Gryphon: Creature that reputedly hoarded and jealously guarded gold; wolf-sized beak, four legs and sharp claws on its feet
· -  Griffin myth arose in Mongolia/north-west China, in association with the ancient caravan routes and gold prospecting in the Tienshan and Altai Mountains.
· -  Tienshan and Altai Mountains contain rich fossils and stand out because their white bones stand out against the soft red sandstones
· -  Protoceratop skeletons; wolf-sized, hooked beak, four legs, sharp clawed toes.
· -  Their skulls upswept bony frills, which could be the origin of wing-like structures
· -  Griffins demonstrate an uncanny link between exotic mythological beasts and the real world of dinosaurs
· -  No human has ever seen a living non-avian dinosaur
· -  First humans lived about 500,000 years ago
· -  Last dinosaur died about 65 million years ago
· -  Palaeontology:
· -  Science built around the study of fossils, the remains of organisms that died prior to the time when human culture began to have an identifiable impact on the world (10,000 years ago)
· -  This branch of science represents our attempt to bring fossils back to life by using science to understand as fully as we can what these creatures were like and how they fit into the world
· -  Possible questions when finding a fossil:
· ●  What type of creature was it when it was alive?
· ●  How long ago did it die?
· ●  Did it die naturally of old age, or was it killed?
· ●  Did it die just where it was found, buried in the rock, or was its body moved here from somewhere else?
· ●  Was it male or female?
· ●  How did the creature look when it was alive?
· ●  Was it colourful or drab?
· ●  Was it fast-moving or a slow-coach?
· ●  What did it eat?
· ●  How well could it see, smell, or hear?
· ●  Is it related to any creatures that are alive today?
Dinosaurs in perspective
· -  Fossilized remains of dinosaurs found in rocks belonging to the Mesozoic ira
· -  Mesozoic Rocks - 245 to 65 million years ago
· -  Rocks with no fossils: igneous, basement
· -  Primary, Secondary, Tertiary, Quaternary - 1st 2nd 3rd 4th ages
· -  Primary/Paleozoic: Traces of ancient shelled and simple fish like creatures
· -  Secondary/Mesozoic: Middle life; Shells, fish, Amphibians, reptiles
· -  Tertiary/Cenozoic: Similar to those living today; Mammals and birds
· -  Quaternary/Recent: Modern; Plants, animals, ice age
· -  Fossil examination; high-resolution microscopy, chemical signatures, radioactive isotope techniques.
· -  Terrestrial: Land living
· -  Sea creatures such as oysters; their shell gets buried under sediment and over millions of years gets fossilized
· -  Land-living creatures have a far lower probability of fossilizing. They’re usually scavenged and recycled
· -  Rarely happens but, creatures buried rapidly in drifting dune sand, a mud-slide, under volcanic ash, or some b other catastrophic event.
· -  OR their remains are washed into a stream or river and eventually into a lake where slow burial occurs leading to fossilization.
· -  Land-living creatures will rarely have their major parts, and whole skeletons preserved after death
· -  Therefore dinosaur skeletons are extremely rare
· -  Best rocks to search for dinosaur fossils are those that were laid down as shallow coastal or estuarine environments
· -  These might have trapped the odd, bloated carcasses of land-living creatures washed out to sea
· -  River and lake sediments, environments that were physically much closer to the source of land creatures
Course Pack: Geological Time Scale, 650 Million Years to Present
(Late Proterozoic): 2.5 billion-540 million years ago
· -  First animal traces
· -  soft-bodied metazoans
· -  First skeletal elements
(Paleozoic: Cambrian): 540-490
· -  First chordates
· -  First fishes
(Paleozoic: Ordovician): 490-443
- Sudden diversification of metazoan families
(Paleozoic: Silurian): 443-417
- First vascular land plants 
(Paleozoic: Devonian): 417-354
· -  Jawed fishes diversify
· -  First amphibians
(Paleozoic: Mississippian, Pennsylvanian (Carboniferous)): 354-290
· -  Seed ferns
· -  Scale trees
· -  First reptiles
(Paleozoic: Permian): 290-248
· -  Reptiles diversify
· -  Major extinctions
(Mesozoic: Triassic): 248-206
· -  First dinosaurs
· -  First mammals
(Mesozoic: Jurassic): 206-144
· -  Dinosaurs diversify
· -  First birds
(Mesozoic: Cretaceous): 144-65
· -  First flowering plants
· -  First primates
· -  extinction of dinosaurs
(Cenozoic: Paleogene, Neogene, Quaternary): 65-present
· -  Mammals diversify
· -  evolution of humans
World’s Oldest Fossils found in Canada, say scientists
· -  World’s oldest fossils formed between 3.77bn and 4.28bn years ago.
· -  Comprised of tiny tubes and filaments made of an iron oxide known as haematite
· -  The microfossils are believed to be the remains of bacteria that once thrived underwater around hydrothermal vents, relying on chemical reactions involving iron for their energy
· -  These fossils offer the oldest direct evidence for life on the planet
· -  If these rocks are 4.28bn years old then origins of life developed very soon after the oceans formed 4.4bn years ago
· -  Haematite filament attached to a clump of iron from hydrothermal vent deposits found in rock formation
· -  Rocks are some of the oldest in the world and are believed to have formed around underwater hydrothermal vents
· -  The tubes and filaments are best explained as remains of iron-metabolising filamentous bacteria
Fossils from 1.6 billion years ago may be oldest-known plants
- Tiny, multicellular fossils as two types of red algae, one thread-like and the other bulbous, that lived in a shallow marine environment alongside mats of bacteria
· -  There is evidence indicating life first appeared in the form of marine bacteria roughly 3.7 to 4.2 billion years ago
· -  The thread like fossils contained internal cellular features including structures that appear to be a part of the machinery of photosynthesis
· -  Oxygen is a byproduct of photosynthesis and the advent of plants helped build the atmospheres oxygen content
· -  The fossils also contained structures at the center of each cell wall typical of red algae
· -  earth’s land surfaces were largely barren, life was mainly microbial and atmospheric oxygen was at 1 to 10 percent of current levels
· -  The fossils also represent the oldest-known advanced multicellular organisms in the broad category called eukaryotes that includes plants, fungi and animals, indicating complex life flourished much earlier than previously assumed.
Life first emerged in ‘warm little ponds’ almost as old as the Earth itself
· -  Life on earth began up to 4.5 bill years ago as carbon-rich meteors bombarded the planet and leached the essential elements into “warm little ponds”
· -  It was in this nutrient-rich broth that the first self-replicating molecules, with the first genetic code for life, were born
· -  We are descended from something that emerged in “warm little ponds” - Charles Darwin 19th century
· -  This has been challenged by claims it all started around hydrothermal vents in the ocean
· -  earliest genetic material is believed to have been ribonucleic acid or RNA
· -  very human has along with DNA, which is the blueprint of a cell
· -  RNA is involved in translating this code into proteins and other tasks in regulating processes in cells including growth, ageing and death
· -  Its ability in living cells and its ability to store genetic information and catalyse its own replication, RNA most likely formed the basis of first life
· -  Fossil evidence of life dated to more than 3.7 billion years ago
· -  RNA developed on early violent earth undergoing meteoritic bombardment
· -  During that time, the atmosphere was dominated by volcanic gas, and dry land was rare.
· -  First RNA polymers likely appeared before 4.17 billion years ago and possibly as long as 4.5 billion years ago (earth is about 4.54 billion years old)
· -  Therefore simple life is likely to be common in the universe as it can survive in hostile conditions.
· -  Believed that the first molecules replicated themselves - the most basic definition of life - by folding over and drawing in similar material from the environment
· -  This process began the process of evolution as molecules that were better suited to their environment became more numerous and those that were not, died out
Mystery of how first animals appeared on Earth ‘solved’ by scientists
· -  Life on earth was dominated by simple bacteria up until about 650 million years ago when more complex forms of life suddenly took over
· -  Humanity evolved from wriggling sea creatures with no anus
· -  Glaciers grounded mountains to powder releasing life-giving nutrients such as phosphates and when glaciers melted nutrients were washed into the ocean
· -  This created perfect conditions for the first complex life, algae.
· -  These large and nutritious organisms at the base of the food web provided the burst of energy required for the evolution of complex ecosystems
· -  Snowball earth was directly involved in the evolution of large and complex life
· -  Algae evolved 900 to 1.9 billion years ago
· -  Algae only broke the incumbency of phototrophic bacteria as the principal marine primary producers 659 to 645 million years ago
· -  This new timeframe offers a network of explanations for a Neoproterozoic/Paleozoic rise in atmospheric oxygen levels, establishment of more modern nutrient and carbon cycles, and the evolution of an increasingly complex biota.
Cenozoic Era (Recent Life). Two periods: Quaternary and Tertiary
Mesozoic Era (Middle Life)
Cretaceous Period (145-65 million years ago)Geologic Development
· -  Continent was much shaped as they are today
· -  The global climate is generally warm
· -  The poles are free of ice Life Forms
· -  Dinosaurs and other large reptiles peak as the dominant vertebrate life form on earth.
· -  Near the end of the Cretaceous Period, several mass extinctions occur, including the extinction of five major reptilian groups: Dinosaurs, pterosaurs, ichthyosaurs, plesiosaurs and mosasaurs
Jurassic Period (206-144 million years ago)
Geological Development
- The supercontinent of Pangea begins to breakup as North America separate from eurasia and Africa Life Forms
· -  Reptiles adapt to life in the sea, air, and on land
· -  Dinosaurs are the dominant reptile on land
· -  Archaeopteryx, the first bird evolves
· -  Mammals are small, shrew-like animals
Triassic Period (248-206 million years ago)
Geological Development
· -  Pangea covers nearly a quarter of the earth’s surface
· -  Toward the end of this period, continental rifting begins to break apart the super continent Life Forms
· -  Life began to diversify after the end-Permian extinction.
· -  early dinosaurs evolve, many are bipedal, fast and relatively small
· -  Largest dinosaurs were only 20 feet (6 meters) in length which is small compared to the later Mesozoic forms
Paleozoic Era (Ancient life)
Permian Period (290-248 million years ago)
Geological Development
· -  Supercontinent, Pangea forms as earth’s land masses collide and merge
· -  This supercontinent is surrounded by an immense world ocean
Life Forms
· -  Invertebrate marine life is rich and diverse at the beginning of the Permian period
· -  Toward the end, mass extinctions occur among large groups of corals, bryozoans, arthropods and other invertebrates
· -  99% of all life perishes
· -  On land, insects evolve into their modern forms
· -  Amphibians decline in number, but reptiles undergo a spectacular evolutionary development of carnivorous and herbivorous, terrestrial and aquatic forms.
Carboniferous Period (354-290 million years ago)
Geological Development
· -  Two major land masses form:
· -  Laurasia (North america, Greenland, Eurasia, and Scandinavia) ← North of Equator
· -  Gondwana (South america, africa, peninsular India, australia and antarctica) ←
South of Equator
· -  Global climatic changes occur, changing from warm and wet to cooler and drier
· -  Result is a long interval of glaciation in the southern hemisphere Life Forms
· -  Diversification of fish from the Devonian Period continues in both marine and freshwater environments
· -  Armored fish become extinct
· -  Land environments are dominated by plants, from small, shrubby growth to tall trees
Devonian Period (417-354 million years ago)
Geological Development
· -  europe and North America collide, forming the northern part of the ancestral
Appalachian mountain range
· -  europe and North America straddle the equator
· -  Africa and South America are positioned over the South Pole
· -  Climate is generally warm and moist
Life Forms
- Dominated by various forms of fish - armored fish, lungfish, and sharks
Silurian Period (443-417 million years ago)
Geological Development
· -  North American, european, and Asian land masses are situated on or near the equator
· -  Laurentia and Baltica collide
· -  Gondwana sits in the south polar region
Life Forms
· -  Life in seas is still dominated by invertebrates: corals, arthropods, and crinoids
· -  Fish evolve jaws
· -  First sharks appear late in the period
· -  earliest vascular land plants, leafless (psilophytes)
Ordovician Period (490-443 million years ago)
Geological Development
· -  Barren continents of Laurentia, Baltica, Siberia, and Gondwana are separated by large oceans.
· -  Shallow seas cover much of North America at the beginning of the period Life Forms
· -  Metazoan invertebrates are still the dominant form of life on earth
· -  Late in the period, mass extinctions of marine life occur, opening niches for benthic and planktonic organisms
Cambrian Period (540-490 million years ago)
Geological Development
· -  Sedimentary rocks form in shallow seas over the continents
· -  Rodinia beings to break up into northern and southern portions
Life Forms
· -  Marine metazoans with mineralized skeletons, such as sponges, bryozoans, corals, brachiopods, molluscs, arthropods, and echinoderms, flourish
· -  Plant life is limited to marine algae
· -  One group of arthropods, the trilobites, are particularly dominant in the shallow-water marine habitats
Precambrian Times. Three Eons: Proterozoic, Archean, and Hadean
Proterozoic Eon (2.5 billion years ago - 540 million years ago)
Geological Development
- Supercontinent Rodinia forms approximately 1.1 billion years ago.
Life Forms
· -  eukaryotes (single-celled organisms with a nucleus)
· -  More advanced forms of algae and a wide variety of protozoa
· -  eukaryotes can reproduce sexually, which makes genetic diversity possible as well as the ability to adapt to and survive environmental changes
Archean Eon (3.9-2.5 billion years ago)
Life Forms
· -  earliest life forms evolve in the seas
· -  Prokaryotes - single celled organisms with no nucleus
· -  Cyanobacteria (blue-green algae)
· -  earliest bacteria obtain energy through chemosynthesis (ingestion of organic molecules)
Hadean Eon (Azoic 4.5-3.9 billion years ago)
earth forms and no evidence of life is yet known
Radiometric Dating and the Geological Time Scale
· -  Radiometric dating and stratigraphic principles are used to establish the conventional geological time scale
· -  Not full foolproof, but is reliable for most samples (Highly consistent). Charles Lyell’s Principles
1. The principle of superposition - Higher rock unit is younger than a lower once
2. The principle of original horizontality - Rock layers were originally deposited close to horizontal

1. The principle of lateral extension - Rock units continue laterally unless there is a structure or change to prevent its extension
2. Principle of cross-cutting relationships - Structure that cuts another is younger than the structure that is cut
3. The principle of inclusion - A structure that is included in another is older than the including structure
4. The principle of “uniformitarianism” - Processes operating in the past were constrained by the same “laws of physics” as operate today.
· -  exceptions to these principles, not perfect
· -  Using the principles, it is possible to construct an interpretation of the sequence of events for any geological situation
Biostratigraphy
· -  Distribution of fossils was not random, fossils occurred in a consistent order
· -  Utility of fossils for more precise “relative dating” is often attributed to William Smith
· -  Fossils occur in a consistent succession - Principle of faunal succession
· -  The study of the succession of fossils and its application to relative dating is known as biostratigraphy
· -  Fossil succession and the geologic time scale are constrained by the observed order of the stratigraphy - basically geometry - not evolutionary theory
· -  Because of the chemistry of rocks, it was possible to calculate how much radioactive decay had occurred since an appropriate mineral had formed, and how much time had therefore expired, by looking at the ratio between the original radioactive isotope and its product, if the day rate was known.
· -  Mix between radiometric and relative dating of events helped produce a geological time scale
· -  Situations where radiometric dating is not possible due to rocks not preserving their age or origin intact. Not all rock will have appropriate chemistry and mineralogy
Where dinosaurs are found
· -  Dinosaurs lived in all places on all continents, so where they are found is determined by the existence of conditions suitable for preserving their bones and other traces, eggs and footprints especially, as well as by conditions suitable for finding and excavating the fossils
· -  In erosional areas, sediments that could preserve the bones and other traces are never laid down
· -  So highland faunas are rarely found in the geological record
· -  Fossilization has the potential to occur in areas in which sediments are being deposited in quantities large enough, and quickly enough to bury animal remains before they are destroyed
· -  Animals can be preserved in deep fissures or caves in highland areas, but this is
fairly rare when dealing with the Mesozoic
· -  Areas undergoing deposition tend to be lowlands downstream of uplifting highlands that provide abundant sediment loads carried in streams, rivers, lakes, or lagoons
that settle out to form beds of silt, sand or gravel
· -  Therefore large-scale formation of fossils occurs only in regions experiencing major

· -  As a result most known dinosaur habitats were flatlands, with little in the way of local topography
· -  Most remains, however, died before a given flood.
· -  Once burial occurs, the processes that preserve remains are complex and in many regards poorly understood
· -  Bacterial activity is often important in preserving organic remains
· -  The great majority of fossils that are found are on or within a few feet of the surface
· -  Prime dinosaur real estate consists of suitable Mesozoic sediments that have been exposed and eroded over large areas that are too arid to support heavy vegetation
· -  This includes short-grass prairies, badlands, and deserts
The Origin and Evolution of Species
Biological species concept : A definition of species that focuses on reproductive capabilities, where organisms from different populations are considered to be in the same species if they naturally interbreed and produce fertile offspring
What is a Species?
· -  Biological species concept : Defines species in terms of reproductive capability
· -  If organisms from two populations are capable of breeding naturally and can produce fertile offspring, then they are classified in the same species
· -  Best example of biological species concept is the mule (Horse bred with donkey = Mule)
· -  However mules are not fertile and can not produce offspring so horses and donkeys are not the same species
· -  This concept assumes that two organisms either belong or do not belong in the same
species
· -  This concept is useful when comparing two or more populations living at a single point in time
· -  Comparing groups of organisms over a period of time using biological species concept : Requires looking at two different modes of the evolutionary change of species
· -  First a species can change over time, evolve over a period of time (anagenesis)
(straight line evolution)
· -  The other mode of species change is cladogenesis, or branching evolutions
· -  Cladogenesis : The origin of new species. Species A splits and forms a new species B, which later splits to form species C. Process beings with A and ends with A, B, C
· -  For a population to become a new species, these genetic differences must be great enough to prevent successful interbreeding with the original parent species
· -  For this to occur the population must become reproductively isolated from the original parent species
· -  Reproductive isolation : Genetic isolation of populations that may render them incapable of producing fertile offspring, speciation. The origin of a new species
· -  Populations must become genetically isolated from one another for speciation to occur
· -  Geographic separation is the most common means of producing reproductive isolation among animal populations
· -  Other mechanisms may also cause isolation
· -  Some of these can operate within a single geographic region
· -  Populations may be isolated by behavioral differences such as feeding habits
· -  Some groups may eat during the day and others at dusk
· -  Genetic Divergence: Isolation is the first step in the speciation process. By itself, this isolation does not guarantee speciation
Adaptive Radiation
· -  The formation of many new species following the availability of new environments or the development of a new adaption
· -  The process of speciation miniamilly results in two species: the original parent species and the new offspring species
The Tempo and Mode of Macroevolution
· -  Gradualism: A model of macroevolutionary change whereby evolutionary changes occur at a slow steady rate over time
· -  Punctuated equilibrium: A model of macroevolutionary changes in which long periods of little evolutionary change (stasis) are followed by relatively short periods of rapid evolutionary change.
The Cretaceous, Coursekit p 61
· -  Terrain cretace (“chalky terrain”) to refer to the chalk deposits of Paris Basin, France
· -  Later the name Cretaceous (“chalk-bearing”), Creta meaning chalk came to be used for the many chalk deposits around the world that were formed during this age
· -  Such chalks formed from the bodies of billions of single-celled marine algae called coccolithophores.
· -  The Cretaceous period (65.5-146 million years ago) brought significant changes to life and to earth itself.
· -  Before this time, during the Jurassic period, animal life on land was dominated by dinosaurs, plants including ferns seed ferns, cycads, ginkgos, conifers
· -  In the seas, marine reptiles, sharks, and ammonites were common
· -  Most of these life forms were still dominated in the Cretaceous Period
· -  Although these new dinosaurs and plants appeared, all of earth’s landmasses had been clumped together into one huge supercontinent called Pangea
· -  Pangea began to break apart during the Triassic
· -  Seaways invade pangea during the Jurassic
· -  By the Cretaceous period this process was well underway, making earth’s climate more equable greatly affecting both plants and animals
· -  Cretaceous Period is the longest period of the Phanerozoic ion spanning 80 million years
· -  Dinosaurs extinct at the end of this period
· -  Chalk is a soft, fine-grained type of limestone composed predominantly of the armour like plates of coccolithophores, tiny floating algae that flourished during the late Cretaceous
· -  Most chalks were deposited during the Cretaceous
· -  This period began with the earth’s land assembled essentially into two continents,
Laurasia in the north and Gondwana in the south
· -  Climate was generally warmer and more humid than today, because of very active volcanism associated with unusually high rates of seafloor spreading
· -  The polar regions were free of continental ice sheets, their land instead covered by forest.
· -  Dinosaurs roamed Antarctica, even with a long winter night
· -  Sea level was higher than any point in earth history
· -  This was probably because the result of water in the ocean basins being displaced by the enlargement of mid oceanic ridges
Paleoclimate
· -  Climate of the Cretaceous Period was much warmer than present, the warmest 

