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History of Life
A. Origin of Life

1. When? 

2. How do we think it came about? Reduction vs oxidation.

3. The importance of oxygen—and its absense. Reducing atmospheres.

4. Why do we think there must have been no O2 around when life first appeared? Chemical Evolution.
5. Where did oxygen come from when it finally appeared? What kinds of effects did it have on the world, and especially on the life forms which were around then?

6. How did the introduction of oxygen into the atmosphere change life on Earth forever?

B. The geological chart

1. Who created this chart, and based on what? Did they depend upon belief in evolution?

2. Why is the geological chart divided into segments, and how did geologists decide where to put the divisions? 

3. What do we now know about those major divisions in the history of our planet’s existence? The importance of mass extinction.

C. Life’s Ages

1. The Precambrian Era. Are Precambrian rocks really without fossils?

2. The Paleozoic Era [paleo=ancient; zoo=animal]

a) The Cambrian Explosion and the origin of modern styles of multicellular life.

b) At least three mass extinctions occurred during the Paleozoic, one at ht end of the Cambrian Period, another after the Ordovician Period, followed by the rise of vertebrates in the oceans (several different groups of fish, only two of which really survive today), and another at the end of the Devonian, followed by the rise of the Amphibia, the first vertebrates on land.

c) The Ordovician Period saw the first life on land: plants.

d) During the Devonian, Arthropods invaded the land, becoming the first animals on land. Fairly quickly (geologically speaking) they gave rise to one of the most successful kinds of life on the planet—insects.

e) The Carboniferous is named for the large coal deposits found in rocks from this period. These coal deposits are the remains of the first big forests on the planet. These forests were filled with trees from a groups of plants called Lycopods. The Gymnosperms and Angiosperms that make up our modern forests didn’t yet exist.
f) Late in the Paleozoic, the reptiles gave rise to a group typically called mammal-l-ke-reptiles. These creatures were transitional between reptiles and mammals.

g) The final part of the Paleozoic was the Permian Period, which was followed by the greatest mass extinction in the history of the fossil record. This extinctions event wiped out as many as 96% of the species then living on Earth. With the decimation of the “ruling” Amphibia, the emerging reptiles were able to undergo great adaptive radiation, producing several important evolutionary lines which would eventually produce dinosaurs (and from them, birds), mammals, and several types of modern reptiles.

h) One of the most important contributing causes to this mass extinction event was plate tectonics (continental drift). During the late Permian, the ancient continents finally coalesced together, forming the giant super-continent, Pangaea. Why would this cause mass extinction?

3. The Mesozoic Era [meso=middle] and Dinosaurs!
a) Gymnosperms, seed-bearing but non-flowering plants, flourished early in the Mesozoic.
b) Early in the Mesozoic, the reptile class had split into several very important evolutionary lines, some of which led to modern reptiles, another to dinosaurs and yet another to mammals. Birds also came from this lineage, probably from dinosaurs, though there are a few paleontologists who believe birds arose directly from an earlier reptile line. Evidence strongly supports the former origin.

c) Just what were dinosaurs?

d) The classical view: large, mean, stupid, sluggish, cold blooded, unsuccessful.

e) How much of that turns out to be true?

f) The dino that changed our view of dinosaurs forever: Deinonychus
g) Dino family life: Maiasaura
h) Warm vs cold blooded. Is it possible to actually tell whether dinos were warm or cold blooded?

i) The meaning of “success.”

j) Flowering plants appear in fossils of the early Cretaceous Period.

k) Mammals evolved at the same time as dinosaurs, and coexisted with the dinosaurs throughout the Mesozoic. The mammals known from that Era were all very small, nocturnal, and insectivorous.

l) What about birds? Archaeopteryx vs Protoavis.

m) The Cretaceous/Paleocene Discontinuity (the K-T boundary). This is the second biggest mass extinction recorded in the fossil record, accounting for about 70% of the Earth’s animal species, including the dinosaurs. Just what caused it?

4. The Cenozoic Era [ceno=modern or recent]

a) The extinction of the dinosaurs left many, many terrestrial niches unoccupied, and the mammals took advantage, undergoing massive adaptive radiation. Had the dinosaurs not become extinct, mammals might very well have remained tiny insectivores.

b) Mammals diversified into two primary groups—herbivores and carnivores.

c) Early in the Cenozoic the grasses evolved, and along with them a new mammalian life style—grazing herbivores. Grasses and grazers drive each other’s evolutionary change. Grasses change in ways which protect them better and better; grazers change in ways which make them better and better at getting maximum value from grasses.  This is an example of coevolution.

d) During the Eocene, one line of mammals gradually returned to the sea, giving rise to the Cetaceans.

e) By the Eocene Epoch, all modern mammalian orders have appeared in the fossil record. 

f) The Cenozoic Era is divided into two Periods, the Tertiary and the Quaternary. The end of the Tertiary is marked by a significant extinction period.

g) Current estimates are that there are about 30-80 million species of life on Earth today, representing less than 1% of those species known to have existed in the history of our planet.

h) Current estimates of extinction rate: 1 species per day. We are in the middle of a mass extinction period. This time the cause is no mystery.

D. What about our own history?

1. Our relationship to the apes

2. We are apes.

3. The genetic difference between the DNA of a human and the DNA of a chimpanzee is between  1 and 1.5 percent. Another way to say the same thing is to say that humans and chimps are 98.5 to 99 percent genetically identical.

4. Traditionally, the humans and the great apes (chimps, gorillas, orangutans and gibbons) have been split into two families, Hominidae (us) and Pongidae (them). Now the Pongidae has been pretty much eliminated, and the close relationship among humans, chimps and gorillas has been acknowledged by placing these three into the same family (Hominidae). The orangutans are less closely related to us than the chimps and gorillas, and gibbons are the least closely related to us of all of our family members.

5. Molecular evidence indicates that the last common ancestor we shared with the chimpanzees lived about 5 to 7 million years ago.

6. What makes a human (structurally)? Upright posture, precision grip hands, teeth and dental arcade (shape of the tooth row), big brain, aprognathic facial profile (and the articulated speech associated with it).
7. There are quite a few different fossil species now placed into our family tree. The exact positioning of these species and their exact relationship to us is not settled. In other words, there’s considerable disagreement. 
8. See below for one reasonable, and rather conservative scheme.  Note that many known hominid (human lineage) fossil species are not included in this rather simple family tree.

a) afarensis (sometimes called “Lucy,” though only one of the many specimens of this species was actually given that nickname) comes from deposits about 3.5 MYO (million years old). “Australo” means “southern”; “pithecus” means “ape,” which shows how puzzling early paleoanthropologists found fossils belonging to this genus. “Afarensis” comes from the Afar triangle region of Africa in which this particular species was first found. A. afarensis is clearly a transitional species, showing many primitive ape features in combination with more advanced hominid features, and showing some in-between features as well. This species walked upright, but still had a small brain and a prognathic face (meaning that they had muzzles that stuck out in front of their faces, rather than our own flat faces). Their dental arcade was transitional. The other apes have a square tooth row, humans have a rounded, parabolic tooth row. A. afarensis had a rather V-shaped tooth row.
b) The other species of Australopithecus on this family tree were probably not direct ancestors of modern humans, but were sister species of our ancestors.
c) H. habilis first appears in deposits about 3-2.5 MYO. “Habilis” means “handy,” as in “good with his hands.” H. habilis is thought to be the earliest of human ancestors to be associated with truly worked tools. This species still had a pretty small brain and a prognathic face, but they had a fully human dental arcade.
d) H. erectus first appears in deposits about 1.5 MYO. “Erectus” means “erect,” as in “standing erect.” This name is a bit misleading, because human ancestors stood erect long before H. erectus appeared. This species was larger than earlier hominids, and showed a great increase in brain capacity over earlier species. However, H. erectus still had a prognathic face.
e) The time period from about 150 TYA (thousand years ago) to 50 TYA represents a transitional period between H. erectus and H. sapiens. Many hominid fossils from this time period can’t reliably be classified as one or the other, which is typical of transitional fossils.
f) Fully modern H. sapiens first appeared in Africa about 45 TYA, and in Europe about 40 TYA. 

g) Neandertal (Homo neandertalensisI) is probably not a direct ancestor of modern humans. He was an ice-age species, with a number of specialized features not found in modern humans. His more traditional scientific name was Homo sapiens neandertalensis, which implies that he was a subspecies of modern humans (and would thus have been fully capable of interbreeding with modern humans). This is highly unlikely, and his classification is gradually being changed.
h) Though H. erectus migrated extensively out of Africa, it is almost certain that the transition from this species to H. sapiens occurred in Africa, with the new species then migrating out of Africa into Europe and Asia and displacing the H. erectus populations already living in those regions.
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