Chapter 25

I.  Fossil Record and Geologic Time

A.  Fossil Record Helps Trace Phylogeny-the evolutionary history of a species

1.  fossil types

a.  organic substances decay quickly (soft body parts unlikely to be found)

b.  hard structures (shells, bones, teeth) most likely to become fossils

c.  minerals may seep into tissues and replace organic material-petrification

d.  organic material may remain as thin film between layers (occurs rarely); pollen is the most common fossilized plant material



e.  an organism may die and leave molds (minerals solidfy molds)

f.  organisms may leave traces of behavioral activity; molds of footprints may be left; can give information about whether an organism traveled in herds 

g. small insects or other organisms can become trapped in sap from a tree which hardens forming a resin, and eventually amber

h. organisms have been found preserved in ice (Neanderthals, wooly mammoths)

B.  The Fossil Record is Incomplete-a series of coincidences are necessary to find fossils

1.  the organism must die at right place and right time for conditions necessary for fossilization

2.  the rock layer must remain; the fossil cannot be exposed to erosion or anything else that may destroy it


3.  the fossil must be exposed; erosion may allow exposure


4.  someone must find the fossil

C.  Methods to Date Fossils


1.  relative dating-can only state before or after; cannot get a specific date


2.  absolute dating-can place a year on organisms

a. radiometric dating-measures the decay of radioactive isotopes

b. rate of decay is measured by an isotopes (same element, same number of protons, different number of neutrons) half life-the time it takes for 50% of the isotope to decay; the rate of decay doesn’t change due to temperature or other environmental factors

1) organisms accumulate carbon over their lifetime. A larger concentration of C12 than C14 is present.  When an organism dies, carbon decays.  Carbon 14 decays to become N14.  Organisms can be dated by the rate of decay of C14.  The half life for carbon is 5,730 years.  This can be used to date younger organisms.

2)  Uranium 238 is found in molten lava (not the organism), which eventually becomes molten rock.  Once molten rock forms, no more Uranium 238 is formed.  This decays to Lead 206.  The half life of uranium 238 is 4.5 billion years.  This can be used to date much older organisms

d.  amino acid dating is based on the rate of conversion of L to D amino acids– racemization; organisms accumulate L amino acids in their lifetime.  When the organism dies, L amino acids are converted to D amino acids.  We can measure the ratio of L to D amino acids to determine age.  This method is temperature sensitive; an increase or decrease in temperature make the racemization rate increase or decrease. 

D.  The Geological Time Scale

1)  4 eras: Precambrian (longest), Paleozoic, Mesozoic (age of reptiles), Cenozoic (present); each boundary corresponds to times of mass extinction




2)  lesser extinctions make up periods



3)  periods divided in to epochs

E.  Phylogeny and Continental Drift

1.  continents are constantly in motion; there were initially several separate landmasses which eventually formed one supercontinent

2.  Pangaea- formation of the supercontinent at the end of Paleozoic era (250 million yrs ago)

a.  increase land space lead to species competition; organisms not previously in contact must share the same resources

c. area of the shoreline decreased leading to less habitats for aquatic organisms;

c. sea level lowered so many shallow aquatic organisms died


3.  Pangaea split (180 million yrs ago)- continental drift

a. drifting of continents lead to allopatric speciation

b.  convergent evolution occurred; the ancestor to marsupials and eutherians were probably spread out in the Americas and Australia; after the drift, the ancestor underwent natural selection and evolution, leading to differences in embryological development, but similarities in structures based on similar environments

c. matching fossils have been found in Africa and Brazil suggesting that there was once 1 landmass

d. the continental exteriors fit like a jigsaw puzzle suggesting that the continents were once interlocked

F.  History of Life Punctuated by Mass Extinctions-5 major extinctions

1.  Ordivician extinction-2nd largest extinction; initially thought to be due to an ice age; now thought to be due to the explosion of a supernova.  The supernova sent gamma rays to the stratosphere causing molecules to break apart.  This destroyed to ozone.  The broken molecules formed a brown smog which covered the sun, causing the Earth to cool.  This lead to an ice age.  This extinction destroyed about 2/3 of the species on Earth.  Most affected were probably primitive sea creatures living in shallow water.


2.  Devonian extinction- probably due to an ice age

3.  Permian mass extinction- the most massive extinction; due to Pangaea formation; volcanic eruptions produced CO2 which caused global warming;  oxygen deficit, decreased area of shoreline, and water level dropping lead to destruction of about 90% of marine life

4.  Late Triassic extinction- due to some environmental change such as an increase in rainfall

5.  Cretaceous mass extinction-at the end of the Mesozoic era; destruction of the dinosaurs; most well known extinction; initially thought that volcanic eruption caused formation of debris which blocked sunlight, leading to cooler climate; however, most scientists advocate the impact hypothesis-2 parts to the theory



a.  asteroid collided with Earth

a)  iridium found in sediments between Mesozoic and Cenozoic layers; iridium rare on Earth, but found in extraterrestrial materials

b)  Earth has many craters, but the Chicxulub crater found on the Yucatan coast of Mexico is around the right size to have caused mass extinction



b.  collision caused extinction





a)  debris from the asteroid covered the sun and darkened Earth for years; lack of photosynthesis would have





b)  acid precipitation




3)  Chicxulub crater

a)  struck Earth at low angle SE; extinction rate in NA faster and more severe than elsewhere



c.  alternatives

1)  inc volcanism, continental drift, etc

2)  both

II.  Systematics-bio diversity in evol context

A.  Taxonomy

1.  Carolus Linnaeus-Systema naturae

2.  binomial

a.  genus, species (specific epithet); Homo sapiens
b.  common names

3.  hierarchical classification; D K P C O F G S

4.  taxon; phylogenetic trees

B.  Phylogenetic Systematics Based on Cladistic Analysis (class based on evol history)


1.  clades: monophyletic groups



a.  cladogram



b.  dichotomies



c.  clade



d.  monophyletic; paraphyletic; polyphyletic


2.  constructing a cladogram



a.  homology vs analogy




1)  convergent evolution




2)  greater # homologous parts btwn 2 sp, the more closely related

3)  the more complex 2 similar structures are, the less likely it evolved indep



b.  identifying shared derived characters (feature any taxon possesses)




1)  shared primitive character-backbone




2)  shared derived character-unique to clade; hair



c.  performing outgroup comparison

1) based on assumption that homologies in both are primitive char already present in ancestor common to both




2)  outgroup




3)  ingroup




4)  summary

a)  branches do not mean one evolved more recently than 

another

b) chronology is relative, not absolute

c) phylocode

C.  Systematists Can Infer Phylogeny from Molecular Data

1. the more recently 2 sp branched from common ancestor, the more similar DNA

2. can compare sp too closely related to display much divergence in morphology

3.  can compare extremely diff org

4.  phylogenetic data from DNA seq


a.  computers-branch points defined by mutations in seq


b.  rate of DNA of rRNA changes slowly


c.  mtDNA evolves quickly

5.  aligning DNA seq

D.  Parsimony Helps Reconstruct Phylogeny


1.  parsimony 

E.  Phylogenetic Trees are Hypothesis

F.  Molecular Clocks May Keep Track of Evolutionary Time

G.  Debate in Modern Systematics


1.  phylogenetic fuse

