Global Evolution OASESMCOE 101005
The structure and evolution of natural systems depend on interactions of energy and matter.
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1. Oceans Evolve

a. Date when liquid oceans formed on the cooling surface of the young Earth
b. Origins of water from the hot interior of the Earth and/or from extraterrestrial sources like comets

c. Depth varies with age for the first billion years after the formation of the Earth as it cools
d. Depth varies with age as a result of climate changes
e. Inorganic, organic, and biological composition and variations with age
f. Thermal history in terms of evaporation and solidification
g. Circulatory pattern over time due to thermal and land mass influences
h. Transmission, reflection, absorption, and scattering of sunlight in seawater varies with wavelength, depth, composition, and luminosity and azimuth of Sun
i. Energy is transported into and out of oceans by absorption, convection, conduction, radiation, phase changes, and water transfers to and from the atmosphere and land
2. Atmosphere Evolves

a. Date when the first atmosphere of the Earth formed and the origin of its gases
b. Initial composition and pressure
c. Composition varies with altitude, latitude, location relative to land
d. Composition and pressure vary with age – including gases, water vapor, and dust
e. Atmospheric transmission, reflection, absorption, and scattering of sunlight varies with composition, and luminosity and azimuth of Sun
f. Atmospheric transmission of sunlight and Earth’s albedo vary with age
g. Temperature distribution in the atmosphere and variations with age
h. Moisture content and distribution in the atmosphere and variations with age
i. Energy is transported into and out of the atmosphere by absorption, convection, conduction, radiation, phase changes, and water transfers to and from the ocean and land
j. Global energy budgets and climate change

3. Solid Earth Evolves

a. Processes in the formation of the Earth and origin of its constituent materials
b. Composition, density, and temperature varies with depth in the interior of the Earth
c. Thermal energy stored in the Earth after formation
d. Internal composition and structure of the Earth changes with radius and age
e. Temperature distribution varies with radius and age as does outward heat flow
f. Opacity of the Earth varies with composition, phase, and temperature
g. Heat is transported by conduction, convection, and radiation in the layers of the Earth
h. Structure and evolution of convection cells in the Earth
i. Radioactive decay power production varies with radius and age
j. Water and gas content of the interior varies with radius and age
k. Amount of land above sea level varies with age and is influenced by climatic and geothermal factors
l. Sediment abundance varies with age as a result of physical and biological factors
m. Distance to the Moon varies with age
n. Period of the Earth’s rotation varies with age
o. Tidal ranges in the ocean and in the solid Earth varies with age
4. Sun Evolves

a. Processes in the formation of the Earth and origin of its gases and so-called metals
b. Composition, density, temperature, and luminosity of the interior varies with radius and age
c. Thermal energy stored in the Sun during formation
d. Composition changes with age
e. Opacity of the Sun with radius and age and factors that influence it
f. Heat is transported by conduction, convection, and radiation in each layer of the Sun
g. Structure and evolution of convection cells in the Sun
5. Molecules Evolve

a. Diversity, abundance, and distribution of organic and inorganic molecules in the oceans, atmosphere, and solid Earth
b. Diversity, abundance, and distribution of organic and inorganic molecules change over time in the oceans, atmosphere, and solid Earth
c. Forms and quantities of energy flow that influence the structure and evolution of molecules
d. Origin and evolution of organic molecules in prebiotic places and in living systems
e. Processes that alter the diversity, abundance, and distribution of organic and inorganic molecules
6. Cells Evolve
a. Composition, structure, and functions of cells
b. Origin of cells including RNA world and its predecessors

c. Metabolic diversification of prokaryotes

d. Lateral gene transfer in prokaryotes

e. Origin and evolution of eukaryotes

f. Serial endosymbiotic origins of organelles like mitochondria and chloroplasts

g. Origin of eukaryote multicellularity and signaling processes
h. Cell differentiation in eukaryotes and gene expression

i. Evolution and development of cellulose and mineralized structures
j. Evolution of cell membrane structures and transport of solids, liquids, and gases

7. Organisms Evolve

a. Developmental stages, seasonal variations, and life cycles

b. Toxin resistance, production, utilization
c. Light sensing, phototaxes, photoperiodism, phototropism, pigments, structural colors, photosynthesis, and vision
d. Geotaxes and other gravitational responses

8. Ecosystems Evolve

a. Energy and matter flow into and out of ecosystems

b. Producers, consumers, and decomposers

c. Adaptive radiation, convergent evolution, coevolution, symbiosis, behavior

d. Competition
e. Cooperation

f. Patchiness

