PALEONTOLOGY

Nature of the fossil record
(Chapter 3: Taphonomy and the quality of the fossil record)
· 300,000 fossil taxa have been described

· Everything from microfossils to dinosaurs
· Gratuitous amounts of living species, possibly more than 13.6 million

· Approximately 1,500,000 living species have been described

· Only about 10% have been catalogued

· Insects do not preserve very well in fossils

· Protozoa very good environmental indicators

· Archaeocyathida enormously abundant, then disappeared
· Porifera 

· Coelenterata corals

· Ectoprocta

· Brachiopoda deep sea abyssal plains, bilaterally symmetrical

· Mollusca around since the Cambrian 

· Arthropoda trilobites

· Echinodermata

· All the rest, terrestrial creatures

Useful determinate fossil groups should be readily preservable, and have many species.  Such groups include:

Protozoa:

Single celled shelled marine/freshwater microorganisms.  Often very abundant.  Highly useful in paleoenvironmental research and in petroleum geology.

Archaeocyathida:

Extinct marine organisms that colonized warm shallow seas during the Early to Middle Cambrian.

Porifera:

Sponges are primitive sessile marine organisms with siliceous spicules and are most commonly preserved in the fossil record.
Coelenterata:
A large group characterized primarily by radial symmetry.  The corals are most commonly preserved as fossils.

Ectoprocta:
The Ectoprocta include bryozoans.  These colonial organisms, siilar to corals, have a high level of organization.

Brachiopoda:

Paleozoic oceans were abundant with brachiopods.  They are bilaterally symmetrical, attaching themselves to the substrate with a pedicle.  As with Bryozoans these organisms feed using a lophophore.

Mollusca:

They constitute one of the largest of the phyla of animals, both in numbers and species and in numbers of individuals.  Gastropods, bivalves, and cephalopods.
Arthropoda:

Joint-footed animals, the largest by far of all the phyla, include trilobites, crustaceans, and insects.  
Echinodermata:

Imperfect 5-fold radial symmetry. Crinoids and various sea urchins are important fossil representatives.
The fossil record indicates a possible increase in species diversity since the Cambrian

· Valentine estimates that a turn-over time for species would be about 5-10 MY
1. Kingdom

2. Phylum

3. Class

4. Order

5. Family

6. Genus

7. Species

· Most rocks we have are from the tertiary

· Biological Destruction, the calcium carbonate is taken by other creatures
· Wave action destroys communities very quickly

Introduction to Paleoecology
(Chapter 4: Paleoecology and paleoclimates)

· Paleoecology is the study of the life and times of fossil organisms, the lifestyles of individual animals and plants together with their relationships to each other and their surrounding environment.

· Paleoautecology is the study of the ecology of a single organism

· Paleosynecology is the study of communities or associations of organisms

· Ecosystem: the largest unit of any ecologic study
· Habitat: the environment in which an organism lives
· Ecological Niche: an organisms role in the environment in which it lives, what it has to do

· Each ecosystem contains keystone species, a species that helps shape the ecosystem, or if it disappears, will cause massive changes.

· Incumbent species can occupy the same ecological niche for millions of years providing a basis or a certain stability to the ecosystem

· Food, air, water, space, temperature…
Communities:

· Ecotone: place where most organisms do not want to live, a harsh environment, where diversity is limited, however the few species there are abundant.

· Necktonic: mobile free swimming

· Benthic: bottom dwellers
· Benthic mobile, and benthic sessile
· Epifaunal: living on the floor

· Infaunal: living in the floor
Limiting Factors and Paleological Analysis
· You need 6 natural elements for life
· You need all of them, otherwise you do not satisfy Liebig’s law
· Liebig’s Law of Minimum (originally intended for plants) states: "The availability of the most abundant nutrient in the “soil” is as the availability of the least abundant nutrient in the soil."
Or: something will grow to the maximum limit of the least available nutrient

In recent times, the law of minimum has been constrained.  If a species grows too great, it will deplete the nutrient sources quickly.  A bell curve describes this theory very well, too little nutrients, the species does not grow, and too many nutrients the species grows to excess and destroys itself.

Limiting factors, a list of a few:

· Temperature tolerance, using cycles and the zones of plankton now and ocean cores, you can determine the histories of the oceans
· Oxygen ratios
· Water depth, it can be estimated by the types of foraminifera
· Light: coral reefs are a good light indicator, they will grow up to the sea level, plate coral between 150m and 50m, massive head corals above 50m, the photic zone goes down to 200m below sea level
· Salinity
· Substrate, sediment grains

· Food supply

Life Habits and Taphonomy
· Taphonomy is the study of decaying organisms from death to fossilization

· Post depositional information loss

· Transport, mixing of communities and size sorting

· Exposure, possibly destroy a skeleton

· Life assemblage, an entire community of dead things, preserved in their original environment
· Thanatocoenosis (Death Assemblage), species that were transported from the environment in which they lived
· Autecology is the study of organisms and their interactions with its environment

· Synecology is the study of the interrelations between two or more species and their environment
· Homology is the study of modern analogues to give understanding to ancient lifestyles
Trace Fossils

Trace fossils can help us infer behaviour of ancient organisms
Different track, trail, and burrow name associated with location and substrate type: 

· Trypanites: Rocky Coast

· Teredolites: Peat or xylic (wood) substrate

· Glossitungites: Semi-consolidated substrate

· Psilonichnus: Sandy backshore

· Skolithos: Sandy shore

· Cruziana: Sublitoral zone

· Zoophycos: Bathyal zone

· Nereites: Abyssal zone

Classification Theory
(Chapter 5: Macroevolution and the tree of life)
· All species have a Latin name

· In 1758 Carle von Linné wrote “Systema Naturae”

· Linné came 100yr before Darwin

· First name is the genus, capitalized, second is species, not capitalized

· Hierarchal system, Domain, Kingdom, Phylum, Class, Order, Family, Genus, Species

· Previous naming systems were less of names, and more a description of defining characteristics, leading to really long names
· During Linné’s time, classification was based on similarities, attributed by god, between species.
· Darwin based his classifications of similarities based on a common ancestor.

· In present times, classification is based on genetic relations and closeness to other species

· Homologous structures are present in related species.  These structures are different however similar.
· Homologous structures are very visible in embryonic stages

· Non-Homologous structures are the bi product of evolutionary convergence.  Evolutionary convergence is the development of similar traits in different species due to functionality, and filling niche space.

· Systematics: is the study of diversity and the relationships of organisms.  “Who is most closely related to whom, analogous to a family tree.”
· Monophyletic Group: If a group shares several advanced characteristics, not present in other groups, then it is assumed that they share a common ancestor.
· Evolutionary Systematics: Everything is ultimately interrelated, it is just a matter of deciding when a new species begins/branches off.
· Phylogenetic Systematics: Willi Hennig developed this system by classifying species based on their most advanced characters, or derived characters and not on overall similarity.
· Plesiomorphic: primitive characters

· Apomorphic: advanced characters

· Autapomorphy: derived character possessed by a single group

· Symplesiomorphy: shared primitive character

· Synapomorphy: shared advanced trait

Cladistics
· A system that relate different groups using phylogenetic characters
· There are no correct cladograms, as they are only hypotheses
Evolution

· There are 4 rules to evolution:
1.  Nearly all species produce far more young than can survive to adulthood
2. The young that survive tend to be those best adapted to survive
3. Characters are inherited from parent to offspring, so the characters that ensure survival will tend to be passed on
4. These survival characteristics will increase generation by generation, the changes are not inexorable
· Microevolution: is occurrence of small-scale changes in allele frequencies in population, over a few generations at, or below species level
· Changes may include:
· Mutation
· Natural selection
· Gene flow
· Genetic drift
· Non-random mating
An example of microevolution is human skin colour, eye colour, and hair colour.  Another example is lactose tolerance, a mutation that allows us to drink milk of other animals.
· Macroevolution: is a scale of analysis of evolution in separated gene pools at, or above, the species level
· Macroevolution is compounded effects of microevolution
· Anagenesis: change of species over time to another

· Cladogenesis: splitting of lineage into two or more new species
The Red Queen Hypothesis can be compared to the cold war, if a species evolves, and another species depends on the one evolving but can no longer use it due to its evolution, the second species must also evolve to stay competitive, otherwise it will die out.
The role of sex is to preserve genes, which are currently useless however, may be advantageous in the future.

Deoxyribonucleic Acid or DNA is a long linear sequence of small nucleotides, there are four types of nucleotides constituting double-helical DNA strand
· A – Adenine

· C – Cytosine

· T – Thymine

· G – Guanine

The order in which these nucleotides are arranged encodes the information carried by the DNA, building blocks of life.

The Human genome contains about 6 billion nucleotides, children have about 50 nucleotide mutations distinguishing them from their parents.

	Compare and Contrast
	Y Chromosome
	mtDNA

	Where Found
	Males only
	Males and females

	Size
	~ 60,000,000 bases 
	16,569 bases

	Inheritence
	From father
	From mother

	Function
	Determines gender
	Generates energy

	Essential for life
	No
	Yes

	Laboratory technique
	SNPs & length of STRs
	Actual sequence

	Cost
	Less expensive
	More expensive

	Polymorphism
	Number of repeats
	Base substitution

	Mutation rate
	0.002 per STR (varies)
	0.00001 per base (varies)


Precambrian Life

The oldest known sedimentary rocks are in the Slave province of the Northwest Territories and dated at about 4100 million years old
The oldest known fossils are found in Australia dated at 3800 million years old and South Africa dated at 3500 million years old

Precambrian rocks laid down the foundations for all the major continents

Very little known fossilization occurred prior to the Cambrian due to the lack of hard parts, the lack of diversity and the very aged rocks

Prokaryotes are believed to be the first group of organic organisms to evolve.

· Prokaryotes are cells which lack a membrane bound nuclei, mitochondria, chloroplasts, and similar organelles and reproduce asexually by division

· The earliest fossil representatives are Blue-green Algae (Cyanobacteria), and bacteria (sticks and balls)

· Prokaryotes preserve as compressions, or as permineralized microfossils embedded in a fine-grained mineral matrix such as chert, or as stromatolites

· Stromatolites were capable of carrying out oxygenic photosynthesis; some say they started the mass oxygenation of the planet.

Eukaryotes began evolving about 1700 million years ago
Cambrian Explosion

Extinctions:
5-6 major extinctions occurred over the 4.6Ga of the earth’s history

The 2 major extinctions of these 5 are the P-T boundary (Permo-Triassic extinction), and the K-T boundary (Cretaceous-Tertiary extinction)

· The Cambrian is marked by the formation of hard parts on creatures

· Some Cambrian shells were phosphatic as opposed to the calcitic shells of present times
· All modern phyla are present in the middle Cambrian burgess shale, however it also contained several other fauna that failed in there experiment of life

One of the most enigmatic faunas of the Cambrian was the Ediacarans:
Ediacarans are the oldest know metazoans, found in relatively harsh environments such as Quartzite and other sandstones, these are dated to about 610 and 510 MYO.  These “things” are believed to have been soft-bodied, resembling sea pens or jellyfish.  Ediacaran faunas appeared 400mya after the appearance of genes for the basic animal body plan came into existence.

Metazoans are visible in the fossil record between 1000-800mya 

Shelly faunas became progressively more common as the Cambrian progressed

By the middle Cambrian there were representatives of almost all modern day phyla

In the last 500 MY there is a huge diversity of species, but no new phyla
The oxygen revolution might be the cause for the larger and more complex creatures

In the late Neoproterozoic there were global ice sheets, the earliest know fossils of animals appear shortly after the last global snowball

This snowball earth may have been stopped by massive releases of methane gas, a very efficient greenhouse gas
Hox genes, found in the special gene complex, Hox complex, which evolved by the beginning of the Paleozoic.  These genes function in patterning, or layout of the body regions. Mutations in these genes can lead to growth of extra legs or arms, and typically non-functional body parts.
Single celled eukaryotes greatly expanded food chains about 700 million years ago, which allowed for a rapid diversification of species leading to the Cambrian explosion.

With the evolution of more and larger planktic organisms their droppings and skeletal remains dropped quickly to the bottom allowing for a diversification of the benthos.  They also contributed to the oxygenation of the water column as they removed C

Extinctions

Geologic time is marked by extinctions; there are two types, mass extinctions, and background extinctions. 

· 5 major extinctions occurred:
· End Cambrian

· End Ordivician

· Frasnian and Famennian (late Devonian)

· Permo-Triassic BoundaryEnd Triassic

· K/T Boundary

· Background extinctions are constantly occurring

· The biggest extinction occurred at the Permo-Triassic boundary, 96% of taxa became extinct

· The factors that influence evolution, are the same for extinctions:

· Competition

· Predation

· Physical Environment

· Chance events

· Van Valen’s law describes the probability of extinction, it occurs at a constant rate for a given group, and there is normal background extinctions
· On a long enough time-line the survival rate for everything is reduced to zero

· 1st tier: Natural selection at the individual level

· 2nd tier: Natural selection at the species level

· 3rd tier: Catastrophic selection of individuals and species

· Anti Chaos/Chaos Theory

· The average time for a carnivorous species is 250 000 yr

· Per Bak’s sandpile, a metaphor used to describe complexity and anti-chaos theory, everything exists on the brink of chaos
Reef Paleoecology

· Ecological succession

· Long (life over the geological timescale) vs. short term succession (a forest after a fire)
· Elias (1937) depth related fossil communities

· Lecompte (1937) Reefal studies (quiet to rough waters)

· 1960’s large number of paleocommunities
· Odum (1969) why do species exist in certain places in varying numbers

· Reefs can exist at the bas of the intertidal zone and the base of the photic zone between 20 degrees north and south
· In 1842 Darwin published his book “On the Structure and Distribution of Coral Reefs” in an attempt to comprehend the forces at work needed to create these things

· Darwin’s theory for reef development is the subsidence theory, first there will be a reef on the side of the seamount, as the seamount is eroded a barrier reef is formed and a larger lagoon is created, and finally an atoll reef is created after the seamount goes bellow the sea level.
· Reginald Daly’s “Glacial Control Theory” proposes that during glacial periods much water is frozen within glaciers lowering the overall sea level, this will cause the marine erosion to undercut the seamounts, and as the sea level rose a barrier reef would be able to grow on the plateau created during the glacial, these would form atolls
· Reefs are highly zoned in an onshore-offshore transect

· Zone 10, Fore Reef Escarpment, mainly storm derived coral rubble
· Zone 6, Reef Crest, is known as the barren zone, and is almost exclusively Elkhorn coral groves

· Zone 5, Middle Reef Crest, extends from the surface to about 5m

· Zone 3, similar to Zone 10, is the Back Reef, where the lagoon begins

· Zone 2, the Lagoon, floored by fine calcareous mu derived from battered corals and coralline algae

Autogenic Succession describes biotic processes within the system
Allogenic Succession describes externally controlled systems

Ecologic succession includes:
· Species diversity

· Structural Complexity

· Biomass

· Stability

Successional models operate on two levels:

· The species

· The community

Reef Succession:

· Pioneer Stage

· Stabilizing Stage

· Diversification Stage

· Domination (Climax) Stage

Pioneer reef communities have a low biomass because of the spacing between the communities. These colonies are dominated 80% by one type of organism.  They are rich in infaunal burrowers, many ichnofossils.  These reefs are very susceptible to external perturbation.  Pioneering species tend to be hardier and tougher.  There is very little symbiosis, every man for themselves.

Climax reef net communities have a biomass comparable to rainforests; however, they have very low production.  A large amount of niche space is needed to be filled.  A lot of symbiosis occurs within these communities.  Burrowing is rare within a climax community as the surface is essentially covered.  These climax reefs are very susceptible to extinction, however reefs can recover very quickly.  
