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1. What is life?

Questions asked by scientists about the origin of life give no clue about where to draw the line between a pond full of chemicals on one hand, and a living organism on the other. 

Biologists tend to think of life by what it does, rather than what it is. Viruses, for example, are on the fringes of life. They can be imagined as automata that simulate many of life's properties, but which cannot survive without living hosts -- just like computers, which need human hosts to charge their batteries. To take this line of thought further: viruses are made of the same proteins and nucleic acids that constitute what we think of as life. This underlines why we cannot define life on the basis of what it is made of. Life is not life simply because it is made of proteins and nucleic acids. Conversely, computers cannot be thought of as non-living because they are made of silicon wafers and plastic, rather than proteins and nucleic acids.

In which case, a process-based definition might be more helpful. Living organisms do things that dead things don't. They eat, excrete wastes, and make more of their own kind. They tend to react to external stimuli by modifying their behavior or internal workings. The problem is that such properties are correlated with life, but they do not define it. These properties, moreover, are found in other systems -- robots and computer programs exist that replicate themselves, and modify their own behavior in response to stimuli. Can robots and computer programs be seen as 'living'? Most would answer in the negative,  but does this answer come from parochial prejudice rather than scientific investigation?

2. How did life form?

The origin of life is shrouded in mystery, but there have been significant steps towards some understanding. The earliest life was formed from inorganic compounds in what has been referred to as the “primordial soup”. This was demonstrated in the famous Miller-Urey experiments in the 1950's. Stanley Miller and Harold Urey mixed together a variety of inorganic gases that exemplified Earth’s pimitive atmosphere,  placed it in a vacuum chamber and zapped it with electrical sparks. After several days organic molecules collected at the bottom of the jar including amino acids, the building blocks of proteins, which are the building blocks of life. Similar experiments have been successfully repeated many times, but none ever produced life per se. 

3. But how, then, did life form from this primordial soup?

It has been suggested that the surface of clay or some other mineral acted as a template for organization, but this is purely hypothetical,  and key experiments have yet to be performed or even rationalized.

Simple self-replicating molecules apparently developed in the primordial soup. But once there was replication, there could be occasional errors (mutations) and hence, evolution.

4. What was the early Earth like? Could it support life?

The Earth began some 4.5 billion years ago and it - along with the rest of the planets, asteroids, meteors, comets - formed, it is thought, through the tendency of matter to clump together until finally there were large planetary bodies, the planets and their moons. During this era of planetary formation, which was approximately one billion years long, the newly-borning Earth was pummeled by left-over clumps of matter. This was the so-called "Hadean Period" (and well named at that!), a "hellish" time when Earth's surface was periodically flash-fried so to speak, by the impact of massive asteroids and comets. Incoming asteroids of sufficient size would vaporize themselves and the part of the surface they impacted, -- creating a searing plasma that would flash around the globe like a giant, fiery tsunami. It was also a period of intense volcanic activity. This environment would make it difficult, one would think, for life to get a toehold on the young planet's surface. But on the other hand, perhaps this was just the right environment to create life from the primordial soup. This is all a moot point because no pristine rocks this age exist on the Earth today, so it is unlikely that any fossils stemming from this period could be found. (However, this is what makes the exploration of Mars so appealing.)

5. What, hypothetically, would the first organism on Earth be like?

This organism, referred to as the Universal or Common Ancestor, would have had the following characteristics because of the environment in which it evolved: 

*
it would have been anaerobic (would not need oxygen to live);

*
it would have been hyperthermophilic (heat loving) and halophilic (salt-loving); and

*
it would have been a chemolithoautotroph (self-sustaining by ingestion of inorganic compounds), obtaining both energy and carbon from inorganic sources, using H2 or reduced sulfur compounds as electron donors and CO2 or oxidized sulfur as electron acceptors to provide energy and fixing CO2 as their carbon source. 

Organisms thought to be similar to these first chemolithoautotrophs have been isolated in the last few years from what are called "extreme environments" -- hot sulfur springs on the earth's surface or hydrothermal vents ("black smokers") on the ocean floor where these organisms form purely prokaryotic ecosystems. Conditions in these extreme environments are thought to mimic those of the early earth (i.e. high temperature, high sulfur, anaerobic, high salt). 

6. What was the earliest form of life?

The earliest life forms were prokaryotes, such as bacteria and Cyanobacteria.  Prokaryotes are cells encapsulated in membranes so their internal workings are isolated from their surroundings.

By whatever mechanism life originated, we are fairly sure it happened early in Earth's history because fossil carbon in 3.7 billion year old rocks and stromatolites (massive algal mats formed in shallow seas) from about the same time have the tell-tale signs of life. By 3.5 billion years ago there was life, definitively, with the full compliment of the basic genetic systems - with DNA and RNA. 
7. What effect did the evolution of prokaryotes have on the atmosphere? Why?

Cyanobacteria took in CO2 and released O through photosynthesis. The early atmosphere, which was essentially devoid of oxygen, gradually increased in the relative abundance of free oxygen due the proliferation of cyanobacteria and their photosynthetic process. The increase of oxygen in Earth’s atmosphere permitted the evolution of more complex organisms that required oxygen to survive.
8. What did the prokaryotes evolve into? When? How are they different?

The only life forms on earth from at least 3.5 to about 1.9 billion years ago were the prokaryotes, but by about 1.9 billion years ago we begin to see fossils of much larger cells, termed Eukaryotes.  

Eukaryotic cells are symbiotic colonies of prokaryotes. They are characterized by a membrane-bounded nucleus and other membraneous organelles. Eukaryotes include fungi, animals, and plants as well as some unicellular organisms (protists). Eukarotic cells, at 10 microns in diameter, are about 10 times the size of a Prokaryotic cells, and can be as much as 1000 times greater in volume.  The Eukaryotes evolved several structures that distinguish them from Prokaryotes, including: organelles, nucleus with a nuclear membrane, golgi apparatus, mitochondria / chloroplasts, and cytoskeleton. 

9. When and how did the first multicellular organisms evolve?

The first multicellular forms, called the Ediacara assemblages, evolved about 650 million years ago. Although superficially similar to several animal phyla, it is unclear if ediacarans belong to any extant groups. 

The key to multicellular animals seems to the so-called homeotic genes, which apparently control general properties of “headness”, “tailness” and so forth. For example, head structures are homologous between flies and humans. So are eyes. The instructions for headness and tailness is evidently homologous among many disparate groups of animals. Such sophisticated genetic coding apparently took a great deal of time to evolve.

10.  What was Earth’s climate like by the time multicellular organisms formed?

In the Proterozoic, the Earth's climate seems to have gone through great shifts. There may have been glaciers in the tropics at times, alternating with times of more normal conditions with carbonate deposition as we see today in the tgropics. 

11. What is the Cambrian Explosion?

At the beginning of the Cambrian 540 million years ago the diversity of multicellular animal life increased dramatically. It has been suggested that this increase in marine diversity could be due to the first wave of multicellular plants on land - perhaps lichens -  which would increase the influx of organic carbon into marine environments, which in turn would allow for many more marine animals to live. The direct evidence for this scenario, however,  is lacking. Most major animal phyla, perhaps all of them,  evolved by the middle Cambrian. By the end of the Cambrian the Phanerozoic pattern of marine organisms was well established. The Cambrian Explosion is seen as period of rapid evolution and evolutionary experimentation. Many of the forms created during that time never outlived the Phanerozoic.

12. When did life evolve on land?

The next major event in the evolution of the biosphere was the development of vascular land plants, beginning in the Ordovician and culminating in the Late Devonian. Land plants gradually became bigger and less reliant on water for reproduction.  By the late Devonian the locus of the Earth's biomass shifted from the sea to the land. A diverse community of soil organisms developed as well, very similar to what we will see in modern soils. 

13.  What role does plate tectonics play in controlling/mediating climate and biodiversity?

14. What are the causes of the biodiversity decline (mass extinction) at the end of the Permian?

15. What was climate like during the Mesozoic, and how did it influence the evolution of marine and terrestrial organisms?

16. What caused the extinction of the dinosaurs at the end of the Cretaceous? What is the evidence?

17. When and where did mammals first evolve?

18. What caused the gradual cooling of global climate during the Cenozoic?

19. When and where did primates first evolve?

20. Why is Africa considered the cradle of humankind?

21. When did the modern Ice Ages begin? How many are there and what is the cause of these climate flip-flops?

22. Why is biodiversity important?

