
Life in the Universe 

Section 1: The Universe 

1.1 The Origin of the Universe 

Key Features of the Big Bang Model 

 The Big Bang Model has three key features; homogeneous (at large enough scales), expanding 

and very hot at early times 

The Meaning of the ‘Bang’ 

 The big bang model is very inappropriately named, as there was no actual bang 

 The stuff inside the universe is not expanding; only the space in which they reside 

 This is why it is inaccurate to think of the beginning of the universe as an explosion 

How We Know of the Big Bang 

 Key parameters that we can measure about the universe is mean density, its scale or size, and 

the rate of acceleration of expansion 

 If we know these three things, we can extrapolate to find out about what the universe did in the 

past, and what will happen in the future 

 The average density of the universe is some thirty orders of magnitude smaller than the density 

of water 

 Because the universe is expanding, it must have had a beginning 

Hubble’s Constant 

 If a coordinate system expands, then the apparent recessional velocity of an object will be 

proportional to the distance of the object away from the observer 

 This constant of proportionality is called Hubble’s constant 

Background Radiation 

 When the universe was hot and young, it emitted a good deal of black body radiation 

 We can probably never know what happened at the very beginning of the universe, as at that 

time the universe was so small and dense that there is virtually no way for information to have 

reached us from this time 

 Early on in the universe, it was so densely filled with charged particles that photons could not 

move very far without interacting with something, meaning that the universe was opaque 

 At a temperature of 3000K, however, the protons and electrons join together once again, 

removing the charged particles with which the photons can react, and hence allowing the 

universe to become transparent to light 

 If the light was emitted at this time, it should still be visible know, though at a much longer 

wavelength; this is called the background radiation 

The End of the Universe 

 The fate of the universe is essentially dependent upon the geometry of the universe, and the 

amount of mass in it 

 The two possibilities are that either the expansion will end and the universe will collapse, or the 

universe will continue to expand forever and become cooler and sparser 



1.2 Life Cycle of Stars 

Our Galaxy 

 The local group of galaxies has two large galaxies (Andromeda and the Milky Way), and about 35 

other smaller galaxies (they are still being discovered) 

Why Stars Formed 

 The universe began as a very smooth (but not totally smooth) distribution of dark and baryonic 

matter 

 As the universe evolved, regions of higher density slowly (and then increasingly more rapidly 

over time) collapsed under their own gravity 

Forming stars 

 The process begins as a cloud of gas collapses under its own weight 

 This initial cloud will be composed only of hydrogen and helium, unless there has been 

contamination by supernovae 

 Once the temperature and pressure at the centre of the gas cloud reaches high enough levels, 

nuclear fusion is ignited 

 The peak emission of our sun sits at around 6000K, which corresponds to a colour of yellow 

 This probably explains why our eyes are sensitive to light of around this wavelength 

Low Mass Star Deaths 

 The manner of death of a star is dependent only upon its mass 

 Low mass stars burn all their hydrogen fuel, dorm white dwarf stars, and emit planetary nebula 

 No planetary nebula is exactly alike, and all are different colours based upon the emission lines 

present 

High Mass Star Deaths 

 High mass stars burn all their hydrogen, and then progressively burn all their heavier elements 

until they get to iron 

 At this point, the fusion process no longer produces energy. With no more heat generated, the 

star collapsed catastrophically, at an extremely rapid rate 

 At a certain point, the material bounces back, blowing off most of the outer material of the star 

into space – this is a supernova 

 Supernovae shine about as brightly as billions of stars, so they outshine whole galaxies and are 

visible during the day 

 The remaining super-heavy core can either be a neutron star or a black hole 

 Supernovae spew put the heavier elements that form the basis of all planets and such objects; 

there is no other known natural process can do this 

1.3 Forming the Elements 

What is light? 

 Light can sometimes be considered a particle, and sometimes a wave 

 Light is made of discrete entities called photons, each of which has a characteristic wavelength 

and energy 



Processes of forming elements 

 There are only two known natural processes for forming the elements: the early universe, and in 

supernovae 

Big Bang Nucleosynthesis 

 When the universe was one second old, there were no protons or neutrons, just energy in the 

form of photons, of about the energy of protons or neutrons or greater 

 Hence, the universe was composed of a soup of photons and matter 

 As the universe expanded it cooled, and as this happened matter particles like protons and 

neutron gradually ‘froze out’ of the energy soup, in order of the amount of energy needed to 

make these particles 

 All neutrons, protons and electrons were formed in this way 

 Gradually they combined to form hydrogen and helium, but the universe cooled down too 

quickly for many heavier elements to form 

Stellar Fusion 

 Big bang nucleosynthesis involves the collision of a proton and a neutron to form deuterium, 

which then combined with another proton to form helium-3, and then another neutron to form 

helium-4 

 This same process can be re-ignited in the cores of stars once they get hot and dense enough 

 Iron-56 is the most stable element, and so no elements heavier than this can be formed by 

fusion in stars, as such reactions would require energy 

Neutron Capture in Supernovae 

 The heavier elements are only created by neutron-capture, which occurs during supernovae 

explosions 

 Oxygen, carbon, magnesium and neon are important elements in the nuclear fusion sequence 

(being multiples of two), and thus explaining why they are so much more abundant than lithium 

or boron 

Unique Composition of Life 

 Compared to the crust of the earth, life has much more carbon and hydrogen, but much less 

silicon, iron and aluminium 

1.4 Formation of the Solar System 

General Solar System Observations 

 All the planets orbit the sun in the same direction and in very nearly in the same plane 

 The sun has virtually all the mass of the solar system, but the planets have virtually all the 

angular momentum 

 This is very strange, as if a giant gas cloud collapsed then we would expect the sun to have a 

large amount of angular momentum (that is, spinning very quickly) 

 Most planets rotate in the same direction as they revolve around the sun, the exceptions being 

Venus and Uranus 

 Thus, there has to be some mechanism generating this regularity, but we also have to be able to 

explain deviations from this norm 



 The process of planetary formation was not perfectly efficient, as there are many leftover bits of 

junk in the solar system, including asteroids (composition similar to rocky planets), and comets 

(composition similar to jovian planets) 

The Beginning: Giant Molecular Cloud 

 The Solar system formed from the gravitational collapse of a giant molecular cloud 4.6 billion 

years ago 

 The term molecular refers to the fact that these were relatively heavy elements, and that they 

were relatively cool, as otherwise the molecules would have broken apart 

 The cloud was enriched with elements that can only be formed in the supernova explosions of 

massive stars 

Collapse 

 Giant molecular clouds are usually fairly stable, and so generally are only triggered to collapse 

by some external catalyst 

 In this case, it was probably the shockwave of a nearby supernova explosion, which compressed 

the cloud and began the collapse 

 Hence, the rotating disk of dust began to collapse under gravity 

Contraction 

 The cloud formed a disk, which increased its spin and heated up 

 Most of material collects at the centre, which became a star when temperatures are high 

enough 

Formation of Planetesimals 

 The outer parts of the disc cool before the inner parts of the disc, as they are less dense 

 Difference compounds will condense out in a particular sequence, owing to different freezing 

points 

 Solid particles slowly accumulate together in biffer and bigger clumps, eventually forming 

asteroid-sized bodies called planetesimals 

Formation of Planets 

 At this stage, the planetesimals are large enough to begin attracting each other by gravity, so 

the rate of accumulation increases 

 We have done extensive computer simulations of this, and find that collapse occurs fairly 

quickly 

 We would expect this process to produce roughly equally spaced planets, as otherwise the 

planets would attract each other and collide 

 This process of planetary formation ends when the star ignites, as the solar wind would blow 

any smaller particles not attached to larger objects away 

Leftover junk 

 Because the accretion process was not perfectly efficient, there was lots of leftover junk in the 

solar system 

 We would expect the junk to match the composition of the planets that are in that region 

 Ice cannot exist in the inner solar system, so most of the material is rocky and metallic 

 Beyond Neptune the matter was not dense enough to form any large planets 



Section 2: The Solar System 

2.1 Solar System Planets 

Observations about the Planets 

 All giant planets have moon system like miniature solar systems 

 The inner terrestrial planets are composed of mostly silicates and metals 

 The other jovian planets are larger and have the same composition of the sun 

Terrestrial planets 

 Have hard surfaces 

 All but Mercury have an atmosphere 

 Composed mostly of rocks and metals, especially iron 

 Are comparable in size to earth 

 Are the four planets located closest to the sun 

 Have few moons 

Comparative Planetary Layers 

 The outer layer of the mantle (at least on earth) is plastic, thereby allowing continental drift  

 All the terrestrial planets, including the moon, have inner solid metal cores surrounded by 

mantle 

 The earth, however, is the only one that has a liquid outer core 

 Heavier materials inside a planet always sink to the core, while lighter materials rise to the top 

(these are called scum) 

 Mantel rocks are rich in iron and magnesium, while crust rocks are rich in silicate, which is 

lighter 

Mercury 

 Covered with craters like the moon 

 The same side of Mercury faces the sun most of the time, and so is very hot 

 We know little about this planet, as it is not very interesting 

Venus 

 Similar to Earth, but with seventy times as massive an atmosphere 

 Venus still has its original atmosphere 

 The atmosphere is about 98% carbon dioxide, which has caused a runaway greenhouse effect 

 The atmosphere is also covered by clouds of hydrosophic acid 

Mars 

 Most hospitable of the terrestrial planets for life 

 It is possible that there may still be some life living under the surface of Mars 

 There is definitely frozen water under the surface of Mars 

 The surface features of Mars tell us that at one stage there was flowing liquid water on the 

planet, at the time when Mars had a thicker atmosphere owing to the greenhouse effect 

Jovian Planets 

 Composed mostly of hydrogen and helium, as well as a few metals 

 If all these gases were removed, Jupiter would be about the same size as the earth 



 Much larger than earth 

 The planets have no surface, just very large and dense atmospheres 

 Have many moons, which probably formed in the same way as the solar system as a whole, 

from a collapsing, spinning gas cloud 

Saturn’s Rings 

 The rings of Saturn are about 20m thick, and comprised of particles from the size of gas to the 

size of houses 

 The rings are actually very sparse; we have flown spaceships through the rings without harm 

 The only reason we see the rings is because of the interaction of sunlight with the ring particles 

 Shepherd moons keep some of the ring layers distinct from each other 

Jovian Atmospheres 

 The atmospheres of the Jovian planets are all similar to each other, and very different to that of 

earth 

 Common components include ammonia, hydrocarbons, hyrogensulfide and water 

 Neptune and Uranus’ outer layers are made up of hydrocarbon ice 

2.2 Meteoroid Impacts 

What hits the Earth? 

 About once a year, an object about 10m across hits the earth 

 Every year, about 40,000 tons of dust hits the earth, burning up in the atmosphere 

 Every 100,000 years, an object about 1km across hits the earth, causing significant damage 

Impacts on Other Planets 

 The surfaces of Mars, the Moon and Mercury are all very old, with little activity after about 

three billion years ago (Mars a bit more recent, up to 2 billion years ago) 

 Most of the impacts on these bodies happened in the immediate aftermath of the formation of 

the solar system, up to four billion years ago 

 Venus’ surface is very young, with scientists expecting a major event around 500 million years 

ago that completely recycled its surface; this is why there are few craters 

Meteorite Impacts 

 Meteorite impacts hit at a speed of about 10km per second 

 Impact craters are circular depression with a small elevation in the centre 

 This is caused by rebound of the crust after the impact of the meteorite 

 Debris is also scattered around the rim, with a ring forming as larger debris fall first 

Rocks and Where they are Found 

 Igneous rocks are found on all terrestrial planets, while metamorphic rocks are only found in 

significant numbers on bodies with tectonic plates (Earth and Mars of the past) 

 Sedimentary rocks are only found on Mars and Earth 

 Sedimentary rocks can be recognised by characteristic stratified layers 

 Sedimentary rocks also have grains or pebbles in their structure 

 Igneous rocks are easy to identify, as they have many different interlocking crystals 

Types of Meteorites 

 Meteorites are classified into three main types 



 Stony: these are like terrestrial rocks, and may be difficult to distinguish unless the fall is 

witnessed (comprise about 93% of meteorites) 

 Iron: there are nearly pure nickel-iron and have a high density (about 6% of meteorites) 

 Stony-iron: a mixture of stone and iron (these comprise about 1% of meteorites) 

 The iron meteorites are very similar in composition to the earth’s metallic core 

 The stony meteorites are similar in composition to the mantle 

 The stony irons are identified with a much smaller region, on the interface of the core and the 

mantle, hence explaining their rarity 

How do Planets Eject Meteorites? 

 One way that the metallic material from the centre of a planet can be released is by the oblique 

collision of a large planetary body with another, a collision which would spew out large amounts 

of metal 

 Meteorites provide us with samples of the solar nebula, and insights into the formation of the 

planets and collapse of the solar nebula 

Primitive and Carbonaceous Meteorites 

 Primitive meteorites are those that date to the origin of the solar system, whereas 

differentiated meteorites date from some time later, during the period of planetary formation 

(they have been altered from this original form) 

 Carbonaceous meteorites contain carbon and other organic material from the early days of the 

solar system, potentially the building blocks of life, as these types of rocks continually 

bombarded the earth during its early period 

 Interplanetary dust particles are minute pieces of dust that rain down on earth as it orbits the 

sun, remnants of the original solar nebula 

What are Chondrules? 

 Chondrules are circular crystals found in some stony meteorites, which are essentially blobs of 

silicate that supercooled in zero gravity, hence forming circular glass blobs 

2.3 Volcanism 

Mars and the Moon 

 Runny lava makes flat lava plains (e.g. Maria, or black smooth splodges, on the moon) 

 The age of the basalt plains on the moon ranges from three to four billion years old 

 Thicker lava makes broad shield volcanoes (e.g. Olympus Mons on Mars) 

 The reason Olympus Mons is so big is because the crust of Mars does not move around as it 

does on earth, so the volcano is able to build up more and more material at the same place 

 Thickest lava makes steep stratovolcanoes (e.g. Mount Hood on Earth) 

Cryovolcanism on Europa 

 Europa experiences cryovolcanism, with eruptions of carbon dioxide onto the surface ice 

 The ridges and lines on the surface of europa are probably also caused by compression and 

expansion of the moon 

 We expect that Europa has a rocky mantle covered by a layer of liquid water, with ice covering 

on the top 

Arachnoid Formations on Venus 

 Some meteorite impacts on Venus seem to have triggered volcanic eruptions 



 Arachnoid formations on Venus are created as a result of tectonic fractures made by the 

upwelling of huge amounts of magma 

 Venus is covered with volcanoes, in fact about 80% of its surface 

Other Cases of Volcanism 

 Io has numerous sulphur volcanoes, owing to the periodic compression and expansion of the 

moon caused by the tidal forces of Jupiter 

 Triton has plumes of liquid nitrogen erupting on the surface of the planet 

2.4 Surface Processes 

Comparative Planetary Surfaces 

 The surfaces of the moon and mercury are covered in craters, and look very similar 

 Mars can be distinguished by its characteristic red colour, and also the trenches and riverbeds 

that cover the surface 

 Venus is yellowish-green, and lacks impact craters, as most meteorites are melted and burned 

up in the thick atmosphere 

Four Main Processes 

 Volcanism: eruption of molten material onto the surface 

 Meteorite impacts 

 Tectonism: movement of tectonic plates 

 Sedimentation and erosion 

Continental Drift and Tectonics 

 The middle ridges in the oceans are higher than surrounding regions because the rock that 

forms there is hot, and so is rising and is bigger 

 An alternative theory of plate tectonics that existed in the 1960s was the Earth Expanding 

hypothesis, which explained the spread of the continents as being caused by the expansion of 

the earth 

Why Earthquakes happen in Australia 

 Earthquakes in Australia occur because the pacific plate is crashing into our plate around New 

Zealand, while the top of our plate is crashing into New Guinea 

 The result is significant compression stress forces on our plate, which causes it to deform and 

buckle in the middle 

Tectonic Activity in the Solar System 

 Tectonic activity on Mercury and the moon ended about one billion years after the formation of 

the solar system 

 Mars was active until it least 500 million years ago, and may well still be active today 

 Venus was active until very recently, and once again may still be active 

Weathering and Erosion 

 Rounded boulders are created by the weathering of angular bounders, often by collision with 

many smaller boulders 

 Angular boulders must be close to their source, while rounded boulders could have been moved 

a long way 



 This distinction between angular and rounded also applies to sand grains, with rounded grains 

being further from their source 

Weathering on Mars 

 Mars’ surface is covered with boulders, mostly angular (non-rounded) boulders 

 These are formed by meteorite impacts or landslides (rocks roll or fall down a hill and smash) 

 Sand dunes are found on Mars, with the same types of sand grains as on earth 

 We also find formations that look like mudcracks, possibly indicating the past presence of 

surface water on Mars 

 On the other hand, these things could be produced by freezing and thawing of the sediment 

 Dendritic river channels have also been observed on Mars 

 Hematite is an ore of iron oxide, which precipitates out of water, giving a reddish-brown 

colouration to surrounding materials 

Water on Mars? 

 The presence of this mineral on Mars as further suggestive evidence of the presence of water 

 Studies of hydrogen concentrations on the surface of Mars shows that there is much more of it 

around the poles than the equator 

 This is consistent with the idea that the poles are covered with water ice 

 Much of the surface features of deserts are actually shaped by the flash flood that occur 

periodically in deserts 

Other Interesting Examples of Erosion 

 Ridges on Europa are also created by convection forces within the liquid under the ice, just as 

tectonic forces on earth produce mountains and ridges 

 Titan has methane rivers and seas, which exhibit the similar patterns of river flow and branching 

that are observed on earth 

2.5 The Moon and the Tides 

The Formation of the Moon 

 The giant impact theory is the best theory we have for the formation of the earth 

 We suspect that an object about the size of Mars smashed into the earth, causing the ejection of 

a large amount of the material from the crust and mantle to form a ring around the earth 

 This ring slowly condensed to form the moon 

Tidal Forces 

 Tidal forces occur when there is a difference in gravitational forces across a single body 

 The side of the earth nearest to the moon is pulled closer to the moon with a greater force than 

the other side 

 The land is deformed as well, but only by a matter of centimetres instead of meters, as is the 

case for the water 

Changing Orbits 

 The friction between ocean and land caused by the tides leads to a loss of energy of the orbital 

system  

 This means that the earth’s rotation is slowing down, and the moon is slowly moving further 

away 



 In the past, the moon was about twenty times as close to the earth as it is now, which means 

that tidal forces would have been much greater 

 This process will stop when the orbital period of the moon and the rate of rotation of the earth 

will be the same, about 55 days 

The Moon and the Evolution of Life 

 The moon stabilises the rotation of the earth’s axis, thereby stabilising the climate, making it 

easier for life to evolve 

 Tidal forces from the moon created tidal pools, which are nutrient rich regions over which the 

tides move twice every day 

 These are very good places for forming life 

2.6 Life Elsewhere in the Solar System 

No Life in the Solar System 

 By now it is fairly clear that there is no intelligent life anywhere else in the solar system, 

although the fact of microbial life is less clear 

 The channels over the surface of Mars were first observed in 1870, and proposed that they were 

constructed by intelligent beings 

 This idea formed the basis of HG Wells story ‘War of the Worlds’ 

 By 1909, however, better telescopes had shown that the canals were not constructed, but 

merely natural phenomenon 

Recipe for a Home for Life 

 Requirement for heavy elements, such as oxygen, carbon, nitrogen and silicon 

 A protective shield around a planet or other body, such as an atmosphere or liquid 

 This would be necessary to protect against cosmic radiation and asteroid impacts 

 Also need an energy source, probably a star 

 Will require some kind of liquid, probably water 

 A liquid or solid surface for life to develop on 

 Most of these are found in other places in the solar system, with the exception of atmospheres 

Why is Water Important 

 Unlike other chemicals such as ammonia and methane, water has a much wider range of 

temperatures for which it remains a liquid 

 It also has a relatively warm liquid range 

 Very unusually, the solid form is less dense, and so floats, thereby allowing life 

 Polarity of the molecule also gives at advantages in dissolving other polar molecules 

 Liquid or ice water could not be found on Venus or Mercury, as they are far too hot 

 We have found ice on mars, and there is evidence of fairly recent flows of surface water, mainly 

in the form of ripples over the sand 

Ice and Water on Mars 

 Mars has very similar seasons to the earth, owing to its almost identical axial tilt 

 It has ice caps that grow and shrink depending on the season 

 Mars also has a more elliptical orbit than the earth, thereby having an additional effect on the 

climate and seasonal weather patterns 



 The rump of the ice caps that remains year round is frozen water, while the remainder that 

migrates from pole to pole with changes in the season is frozen CO2 

 The surface channels on Mars look like dry river beds, but are 2-3 billion years old 

 There may also be some ice in craters 

 There are also glaciers in various non-polar regions of Mars which have been detected because 

of their density difference by orbiting probes, but cannot be seen directly because they are 

covered with dust 

Life on Mars? 

 The Viking missions of the 1970s tried to test for the presence of microorganisms, but the 

interpretation of this data is controversial, and not definitive 

 The Mars Phoenix lander arrived at Mars in 2008 to specifically study the polar regions 

 Once again its results are not conclusive, but overall we still cannot rule out the presence of life 

on Mars 

 Europe and enceladus are other possible sites for life in the solar system, though they do not 

have atmospheres, their liquid surfaced may be sufficient to provide the needed protection 

Section 3: The Earth 

3.1 History of Dating the Earth 

Very Early Attempts 

 The age of the earth was originally based on mythology 

 According to the Buddhist tradition, the universe was infinitely old, going through a cycle of 

creation and destruction 

 Archbishop James Usher in the mid 17th century used the biblical record to calculate the 

creation as having occurred in 4004 BC 

Catastrophism Versus Gradualism 

 In the late 18th century, Georges Cuvier promoted the theory of catastrophism, according to 

which earth’s complicated landscape is the result of a number of enormous catastrophic events 

 The competing theory was gradualism, which held that these things were caused by many slow 

processes occurring gradually over time 

 The former theory was often linked to attempts to defend the story of Noah’s flood, while the 

latter hypothesis was often seen in opposition to it 

The Boulder Debate 

 One popular debate concerned the origin of massive isolated boulders found throughout 

northern Europe 

 According to the catastrophists, these could only have been caused by some dramatic event, like 

Noah’s flood 

 The gradualists argued that these could have been deposited by retreated glaciers 

Uniformitarianism 

 Sir Charles Lyell in the early 19th century developed the idea of uniformitarianism, the idea by 

which the same physical and chemical processes that are active on earth now, were also the 

same in the past 



 He noticed that Hadrian’s wall in England had hardly eroded in 1500 years, thereby 

demonstrating that erosion is a very slow process 

Lord Kelvin’s Calculation 

 In the late 19th century, Lord Kelvin calculated that the earth must be at least one hundred 

million years old, based on the conductivity and rate of cooling of the earth 

 This assumption was incorrect, however, as the earth was not actually cooling down as he had 

thought (he did not know about radioactivity) 

 Kelvin’s value for the conductivity of the earth was also wrong, as he didn’t know about the 

internal layers of the earth 

Sedimentary-Based Age Calculations 

 John Phillips in the late 19th century used the maximum thickness of sedimentary layers on earth 

to estimate that the earth must be between 70 and 300 million years old 

 However, in making this calculation he did not take into account that layers get destroyed over 

time, owing to erosion and melting 

 Thick layers of sediment can be deposited instantaneously, in cases of volcanoes, landslides and 

tsunamis 

 On the other hand, in lakes and the deep ocean it can take 10,000 years for a layer one meter 

thick to form 

 Thus sedimentary-based age calculations can never be very accurate 

3.2 Modern Dating Methods 

The Process of Lithification 

 To turn lose sediment into a rock, one needs some kind of cement 

 Some sediments can lithify instantly (e.g. limestone in the ocean), while others take a long time 

to form 

Radiometric Dating 

 The first age calculated by radioactive decay used the uranium-lead decay chain to date a rock 

at 1.7 billion years old, done in 1907 

 The currently accepted age of the earth is calculated by radiometric dating of meteorites, which 

establishes the time of formation of the galaxy 

Information Required for Radiometric Dating 

 Initial parent isotope content 

 Half life of isotope 

 Rate of radioactive decay 

 The fact that there has been no inputs or outputs in the system 

The Fossil Record 

 Charles Darwin and Charles Lyell both discovered that fact that different fossils characterize 

different ages of earth’s history 

 This led Darwin to the realisation of evolution 

 Indeed, the pattern of modern creatures progressively becoming more and more like ancient 

creatures is observable in the geologic record 

 Refugia are isolated regions were species that are thought to have become extinct years 

continue to exist 



Angular Unconformities and Fossil Gaps 

 Layers of rock can be bent or tilted on their side as a result of the collision of continental plates 

 As such, it takes millions of years for large regions of rocks to be bent over and uplifted 

 As this occurs, mountains form – hence it takes millions of years for mountains to form 

 Eventually the mountains will be eroded and the valleys filed with sediment, thereby forming a 

flat surface on which new sediment can be deposited 

 The result of this process is an angular unconformity, which represents a gap in the rock record 

3.3 Comets, Meteors and the Atmosphere 

What are Comets? 

 Comets are small icy bodies leftover from the formation of the jovian planets 

 The material that makes up the head of the comet is about one tenth of the density of ice on 

earth; hence there is not much substance to it 

 The tail has virtually no density at all; it is just light reflected off charged particles 

Where are Comets found and Why? 

 Any comets that used to exist between Jupiter and Saturn have long since been cleared out by 

the huge gravitational influence of Jupiter 

 Some of them were deflected inwards, but most were reflected outwards 

 This hypothesised region of comets beyond Neptune was called the Kuiper Belt 

 Only recently has it been observed directly; the discovery of these relatively large icy objects is 

why Pluto was demoted as a planet 

 At sixty degree angles on either side of the orbit of Jupiter, there is a region of relatively low 

gravitational potential where small rocky objects can collect; these are called Greeks and 

Trojans 

Keeping an Atmosphere 

 There are two main things that determine whether or not a planet will keep a molecule in its 

atmosphere: the temperature of the gas, and the gravitational field at the surface 

 The temperature of the gas is basically just a measure of the kinetic energy, or most importantly 

the velocity (as mass doesn’t change) of the gas particle 

 The escape velocity of a planet increases with mass, and decreases with size 

 Molecules of a given kinetic energy will have a higher velocity if they have a low mass, and visa-

versa 

 This means that planets tend to lose lighter gases (e.g. hydrogen and helium) from their 

atmospheres before heavier elements 

 The hotter a planet, the more kinetic energy will the molecules in its atmosphere have, and so 

the easier it will be for these gases to escape 

 We can plot these two variables (temperature and escape velocity) on a graph, and so see what 

elements are able to remain in that planet’s atmosphere 

How did we get an atmosphere? 

 Sources of atmospheric gas included out-gassing from volcanoes and comet impacts 

 A certain amount of atmospheric gas was also lost by escaping into space, and by chemical 

reactions with rocks 



Evidence for Impacts 

 We think the object that caused the enormous explosion at Tunguska in 1908 was probably a 

comet that exploded some 10km about the ground 

 Other craters from asteroid impacts can be found over the globe 

 Tiny diffuse particles of dust have been found in the upper atmosphere, which are believed to 

be comet dust 

Meteoroid Ablation 

 Any rocks that enter the Earth’s atmosphere undergo ablation, which is heating owing to the 

friction of molecules in the atmosphere 

 The rock develops a glassy crust 

Constructing Heat Shields 

 Studying such rocks helped NASA to construct heat shields for probes and shuttles 

 To build heat shields, NASA used ceramics imbibed with titanium oxide, which is very resistant 

to melting 

3.4 Climate Change Today 

The Greenhouse Effect 

 Visible light passes through the atmosphere 

 Some of this is reflected by the surface, ocean and clouds 

 The surface absorbs most of the light and emits it in infrared 

 The atmosphere is not transparent to infrared light, as the gas particles in the atmosphere 

absorb much of this radiation, thereby heating the lower atmosphere 

 Basically all molecules in the atmosphere contribute to this effect; carbon dioxide is really only 

significant because we are putting much more of it in the atmosphere 

What Happened to Venus 

 In the past the sun was not as luminous as it is now, and so it may once have been in the 

habitable zone 

 As the sun heated up, the planet experienced a runaway greenhouse effect, causing all the 

water that existed to evaporate 

 Over time these water molecules were disassociated by the incoming sunlight, forming 

hydrogen and oxygen 

 The hydrogen was too light to remain and so escaped, while the oxygen reacted with other 

things to form such substances as sulphur dioxide and carbon dioxide 

Long-Term Carbon Storage 

 Over a long term perspective, life has altered the planet by sequestering CO2 from the 

atmosphere and incorporating into limestone, fossils, etc 

 It is thought that earth has about as much total carbon as Venus, namely seventy atmospheres 

worth 

 The earth currently has far less than 1% of an atmosphere of carbon in the atmosphere, with all 

of the rest underground, mostly in the form of coal 

 If we took all of this carbon out and burned it, we would likely account for all of the oxygen in 

our atmosphere 



Carbon and Temperature Trends 

 The amount of carbon dioxide in our atmosphere has been cycling between about 200 and 300 

ppb for the past few million years or so, with each cycle lasting about 100,000 years 

 We began in 1750 at a high point of about 300, and since then we have last been going 

exponentially higher and higher, reaching a level of about 380 today 

 These fluctuations in CO2 levels are well correlated with global temperature in the past 

 One consequence of climate change that is very relevant to us is the reduced water runoff to 

major Australian cities since around the 1970s 

Clathrates and Global Warming 

 Clathrates are frozen blocks of methane that sit on the ocean floor, where it is usually very cold 

 This methane is formed during the decomposition of organic matter, and freezes owing to the 

low temperatures and high pressure it is under 

 As the sea levels falls due to glaciation, some of these deposits will rise to higher and warmer 

levels 

 Here they unfreeze, and are released into the atmosphere as gas, where they can cause global 

warming 

3.5 Past Climate Change 

Evidence of Past Land Climate 

 Diamictates and dropstones provide evidence of past glaciation events or a polar environment 

 Evidence of limestone and coral formation is indicative of a tropical weather and hence 

equatorial locations 

 Tree rings generally only occur in temperate climates, as it requires seasonality 

 Tree pollen and leaves are also correlated in size and shape depending on the weather and 

temperature 

 Even more simply, the fossils can tell us what the climate of an area was like (examination of the 

flora, fauna and geology of a region) 

Evidence of Past Sea Climate 

 Yet another method is looking at past sea levels, which can be determined by examination of 

fossils and geology characteristic of marine environments 

 When examining past shorelines one must be careful to factor out uplift of land 

 Large evaporate deposits are generally indicative of arid environments that were once marine 

 Coal deposits indicate swamps and hence the presence of water, so are usually mutually 

exclusive with evaporates 

Isotope Dating of Marine Fossils 

 Marine animals are generally in chemical equilibrium with the seawater in which they live 

 The ratio of different isotopes of oxygen (O-16 and O-18) in the oceans varies with temperature, 

thereby allowing us to determine the temperature at the time a creature died by the isotope 

ratio in its fossil (foraminifera) 

Dating Ice Cores 

 A similar technique is used in examining the isotope ratios found in ice cores in the poles 

 These measures correlate almost exactly with the levels of methane and carbon dioxide in the 

gas bubbles found in these same ice cores 



 Unfortunately, it is not so clear which is the cause and which is the effect (there is some 

evidence that the temperature peaks may actually occur before the peak levels of CO2 

 What is clear, however, is that there is a regular 100,000 year periodicity to temperature and ice 

level changes 

Milankovitch Cycles 

 Milankovitch cycles may explain this: orbital wobbles of the earth as it travels about the sun 

producing periodic variations in the amount of absorbed solar energy 

 One factor determining this the ellipticity of the earth’s orbit, which varies along a 100,000 year 

cycle 

 A second factor is the precession of the earth’s rotation about its axis, such that the north pole 

moves from pointing to the north star to Vega; this occurs on a 26,000 year cycle 

 The final periodic variation is in the axial tilt of the earth, which varies on a 40,000 year cycle 

 The combination of these three factors is what is responsible for the periodic variation in earth’s 

climate 

 In the past, the northern hemisphere glacier existed at around latitude 65 degrees north 

 Cooler summers at this region triggered ice sheet expansion, which would certainly survive the 

slightly warmer winters; thus there would be global cooling 

Carbon Dioxide levels and Acidification 

 Over the course of the past million years, the amount of CO2 in the atmosphere has vacillated 

between 200 and 300 ppm 

 In the past century or so, human activities have increased the concentration to some 380 ppm, 

while unpredictable consequences 

 One certain consequence will be ocean acidification, thereby leading to the dissolution of shells 

and corals, most of which are made primarily of calcium carbonate 

3.6 Icehouse and Greenhouse Earth 

How we Know where the Land Was 

 To find the location of the equator in the past, we could look for signs of tropical plants and 

animals 

 During the Precambrian, however, there were no large animals or plants, so this won’t work 

 Instead, we can use paleomagnetic data 

 At the poles, magnetic minerals will be aligned at a fairly steep angle to the sediment layers, 

whereas at the equator the minerals will be exactly parallel to the sediment layers 

 Virtually all rocks from the period of 600 million years ago show this parallel pattern, thereby 

demonstrating that the land was all concentrated in a single supercontinent located at the 

equator 

Icehouse Earth 

 Also, all of the rocks from this time show evidence of striations, indicating that the entire earth 

was covered in ice at this time ‘snowball earth’ 

 If the equator was that cold at this time, imagine how cold the poles would have been 

 We also know that there was a great deal of sea ice at this time, as we can observe the 

impressions made by dropstones (boulders that fall from melting icebergs) on all the continents 

 This time in the earth’s history is called the Cryogenian period: there are actually at least three 

such distinct periods around 700-600 million years ago 



Causes of Icehouse Earth 

 One theory for why this may have happened is that the earth had some kind of ring system that 

shaded the equator, causing a positive feedback mechanism of runaway albedo 

 This is called the ‘icehouse’ state of the earth, as opposed to the ‘greenhouse’ state 

 Reduction in carbon dioxide in the atmosphere is also responsible for some of the glaciations 

events throughout earth’s history 

Periodic Fluctuation 

 In between the major periods of icehouse earth, there is a period of the strata that completely 

lacks signs of glacial activity, thereby indicating that the earth vacillated between ‘icehouse’ and 

‘hothouse’ states 

 Another piece of evidence for this is the presence of layers of carbonates on top of these 

icehouse layers, indicating high levels of carbon dioxide in the atmosphere 

Causes of Greenhouse Earth 

 In order for the greenhouse effect to take hold, a buildup of carbon dioxide is necessary 

 This could have been emitted by volcanoes, which continue even during the icehouse state 

 Another possibility was that in the past the earth was orbiting the sun at a much more oblique 

angle, thereby making the equators warmer than the poles 

 Astronomers, however, think that it is highly unlikely that the earth could have changed its 

obliquity so much in such a short period of time 

Life on Icehouse Earth 

 How did photosynthetic life survive in the snowball world? 

 One the explanation is that there were small cracks in the ice, where microbes and other small 

organisms could survive (refugia) 

 Another explanation was that there were section of land and sea that were not covered in ice 

(‘slushball earth’), providing a place for ice to survive 

Glaciation and Evolution 

 Each of these glaciations in world history were followed by very rapid periods of evolution 

 Indeed, the last glaciation event marks the trigger for the beginning of animal life 

 This occurred only shortly after the evolution of multicellular organisms, which occurred just 

before these two glaciations events, around 800 million years ago 

Section 4: The Origin of Life 

4.1 What is Life? 

Early Definitions of Life 

 In ancient Greece, life was defined as objects with a soul, or a psyche 

 Aristotle identified plants, animals and humans as three distinct forms of live, each having 

different types of souls 

 Descartes argued that the body of plants and animals are simply machines that follow the laws 

of physics 

 Humans are alive because they have a mind, which is something outside the laws of physics 

 By this definition, only humans are alive 



Key Characteristics of Life 

 Order 

 Reproduction 

 Growth and development 

 Energy Utilisation 

 Response to the environment 

 Evolutionary adaptation 

 Incorporates heritable material 

 Contains complex organic molecules 

 Compartmentalised into cells 

Order and Thermodynamics 

 The second law of thermodynamics states that any system of things tends to become more 

disordered and chaotic over time 

 Life, in contrast, tends to make a more ordered state, the antithesis of nonlife 

 This is not in contradiction of the second law, as lifeforms must create more disorder in their 

environment than create 

The Importance of Oxygen 

 Oxygen is the key to an understanding of life and how it interacts with its environment 

 Oxygen is very reactive, and so any early atmosphere in the oxygen would quickly from an oxide 

and be removed 

 Significant levels of oxygen only developed in our atmosphere when produced by early sea life 

 This in turn enabled new types of land animals to develop, as the ozone layer protects the land 

from UV radiation  

 Levels of oxygen in the atmosphere have varied between about 10% and 25% of the volume of 

the atmosphere over the past 600 million years 

The Composition of Cells 

 All known types of life are comprised of cells 

 About 96% of the weight of the cell is made up by oxygen, hydrogen, carbon and nitrogen 

 Cells are mostly water, but their chemistry is based on carbon 

Seven Pillars of Life 

 Presented in a paper in Science 295: 2215-6 by Daniel Koshland 

 Program: Life needs an organised plan or program that contains the information needed to 

make copies of the life form from one generation to the next 

 Innovation: Living things must be able to innovate in response to environmental changes; this 

occurs through mutation of DNA 

 Compartmentalisation: Living things must be separated from their environment so as to enable 

the complex chemical reactions necessary for life to take place (concentration of ingredients) 

 Energy: The second law of thermodynamics says that closed systems move from a state of more 

order to a state of less order 

 Because the act of growth and reproduction involves an increase in order, a source of energy is 

required for this – thus, Living things require energy in order to grow and reproduce 

 Regeneration: Organisms must find a means of perpetuating themselves, as the act of 

maintaining life involves unavoidable ‘wear and tear’, and prevents life from lasting forever 



 Adaptability: Living things must be able to respond to their environment and adapt to changed 

situations, for example, reaction to day or night or predators 

 Seclusion: Living organisms must maintain numerous metabolic interactions at the same time, 

and in order to function properly, these reactions must be kept separate or secluded from each 

other 

 This is also related to the fact that the same basic molecules are used to produce the many 

different specialised proteins and DNA, etc, so as to complete particular functions 

4.2 The Precambrian 

The Early  Earth 

 Shortly after formation, the earth was extremely hot and active, with many collisions by 

meteors and no water or atmosphere 

 The luminosity of the sun has been increasing over the history of the earth, which is interesting 

because there seems to be a correlation between the rising luminosity of the sun and the falling 

carbon dioxide continent of the atmosphere 

Precambrian Rocks 

 There is actually a fairly large amount of Precambrian rocks still around today 

 Such rock is generally scum, or light rocks that have floated to the surface and remained there 

ever since 

Formation of Ocean and Atmosphere 

 Most of the water in the earth’s oceans was accreted during the first billion years, both as a 

result of comet impacts and water vapour from volcanoes 

 The first earth atmosphere of mostly hydrogen was lost to the solar wind 

 Gasses from cooling magmas gradually formed the new atmosphere, mostly nitrogen and 

carbon dioxide 

 There was very little oxygen in the atmosphere at this time, which did not come until life 

Life Began in the Ocean 

 Life first formed in the earth’s oceans, as the water provided protection from the ultraviolet rays 

of the sun 

 The life that began in the ocean extracted carbon dioxide from the water, then leading to the 

dissolving of carbon dioxide from the atmosphere into the oceans 

 This is how our atmosphere lost most of its carbon dioxide 

The First Life and Oxygen 

 The first life evolved around 3.5 billion years ago, however significant amounts of oxygen did not 

form until about 2.5 billion years ago 

 Bacteria and archaea were the only organisms on the earth up until about 800 million years ago 

 Archea do not need oxygen to live, and so were and are often formed around volcanoes and 

other regions of hot gases 

 Some bacteria, however, do require oxygen, and they are the ones that evolved into organisms 

that photosynthesize 

 Because they are so simple, many of these eukaryotes are still alive today (being simple they are 

very adaptable and not very specialised to any particular knish 



Banded Iron Formations 

 Banded iron formations first appeared 2.5 billion years ago 

 These are great sources of iron ore, formed from oxidised iron formations 

 Banded iron formations stopped forming about 1.8 billion years ago, around about the time 

when atmosphere oxygen levels increased significantly 

Proterozoic Era 

 The proterozoic era was dominated by algae 

 The first complex life (eukaryotic cells) emerged around 1.6 billion years ago 

 It is thought that this occurred by the rise of symbiotic relationships between primitive 

organisms (e.g. bacteria and an early eukaryotic host combined to form an early eukaryotic cell) 

Neoproterozoic Era 

 During the neoproterozoic, beginning about 1 billion years ago, the first multicellular organisms 

formed 

 The arrival of animals begins only about 700 million years ago, beginning with the evolution of 

jellyfish-like creatures 

4.3 Unusual Explanations 

Three Basic Theories 

 Created by a supreme being 

 Arrived on earth from somewhere else by a comet – this doesn’t really explain very much 

 Spontaneous creation on earth about 3.5 billion years ago 

Spontaneous Generation 

 Back in the 17th century, people used to believe that life arose spontaneously 

 The evidence for this was held to be the fact that all sorts of organisms appear apparently out of 

nothing 

 The trouble was that people never conducted controlled experiments 

 In 1668, Francesco Redi boiled meat and left it uncovered, causing maggots to arise 

 However, he then covered the meat with paper or cloth, and found that no maggots arose 

Louis Pasteur’s Experiments 

 French chemist Louis Pasteur was the one who conclusively disproved spontaneous generation 

by boiling up broth and then carefully sealing the flaks, thereby showing that when this was 

done, no organisms formed 

 This generated quite a bit of controversy at the time, as it was believed that god was directly 

responsible for spontaneous generation 

 Thus, we know that life cannot arise de novo, but must come from other life 

Panspermia Theory 

 This refers to the theory that life arrived to the earth from another planet 

 For example, Life could well have existed on a wet Mars long before conditions were right for 

the life to develop on earth 

 It would be possible for microbes to remain frozen inside meteors for long enough to move from 

one planet to another 



Evidence for Panspermia 

 Meteorites contain organic matter, and spectrographic analysis has shown that the universe has 

lots of complex organic molecules 

 One piece of evidence for panspermia is that life emerged all over the planet very quickly after 

the heavy bombardment of the earth ended 

 Also, meteorites have been found on earth containing 92 amino acids, including 73 that are not 

found on earth 

Life on the Martian Meteorite? 

 In the 1990s, it was discovered that some of the meteorites from Mars contained very complex 

organic molecules 

 Structures were also found that looked very much like bacterial life on earth 

 President Clinton made an announcement that life had been found on Mars 

 However, the supposed bacteria that has been seen on the Martian meteorite is actually about 

one hundred times too small to be any lifeform that we know – it certainly could not have a cell 

membrane or RNA 

 Some argue that these might be nanobes, a tiny unique form of life that does not have DNA 

 Others think that they are simply mineral structures, and not alive at all 

4.4 Chemical Examinations 

The Primordial Soup 

 This idea goes back as far as Darwin, who argued that although any free organic molecules 

sitting around today would be instantly eaten by some other life form, but before life formed 

this would not have been the case 

 To find how life might have formed in this way, we first need to examine how the organic 

monomers that comprise the various organic macromolecules could have formed 

Oparin/Haldane Theory 

 The early earth atmosphere was not oxidising as it is today, but reducing 

 This means that there would have been a tendency for the building up of larger and larger 

organic molecules 

 This was possible because there was no oxygen to oxidise and break up the molecules, and no 

life to eat them up 

 The formation of these would have been promoted by UV radiation 

Coacervates 

 Aleksandr Oparin discovered that organic molecules when exposed to heat could spontaneously 

form structures called coacervates 

 These are a spherical aggregation of lipids held together by hydrophobic forces 

 They are the nearest we can come to cells without introducing anything alive 

 They absorb molecules from their environment, grow and divide 

The Miller and Urey Experiments 

 Miller and Urey conducted experiments in 1953 concerning the potential for spontaneous 

generation of life 

 The produced essentially what was ‘primordial soup’, with a chamber filled with liquid that 

could be exposed to different gases, heat sources, UV light, and electrical sparks 



 All of these parameters, which are believed to have been present in the early earth, were then 

combined in different amount and parameters 

 Starting with very simple molecules like nitrogen, water, methane, ammonia and carbon 

dioxide, they found that they produced a wide variety of complex organic molecules, including 

amino acids 

 By today, all twenty amino acids used by life forms have been produced spontaneously 

Why Carbon? 

 Carbon has a valence of four, producing many options for bonding 

 Being a light element, it also tends to form fairly strong covalent atoms 

 It is also quite common in the crust 

 Many of these same things could also be said of silicon 

 This leads to the question of whether or not machines based on silicon and other materials 

could be considered to be alive 

The Formation of Proto-cells 

 Phospholipid molecules arrange themselves spontaneously into membranes owing to the dual 

hydrophobic and hydrophilic sides 

 This makes it conceivable that early self-contained protocells could have formed spontaneously 

Proteinoids 

 In 1956 Miller and Urey heated a bunch of amino acids and found that they polymerized to form 

a chain of amino acids called proteinoids 

 It was also found that the same proteinoids are always produced when the same heat and 

ingredients were used 

 When cooled, these proteinoids spontaneously formed into spheres called microspheres 

The Paradox of Replication 

 These experiments discussed above all seem to indicate that proteins could form spontaneously 

 However, what about the genetic code that provides organisms with their programming 

 The question is, could natural selection begin acting before the evolution of DNA or a fully-

fledged cell? 

 For this to occur, we would need to have some kind of self-replicating molecule 

4.5 Molecular Examinations 

The Selfish Gene Hypothesis 

 Richard Dwarkins has argued that genes are actually the fundamental units of natural selection, 

the self-replicating organism 

 In complex organisms, a large number of these genes work together to increase their collective 

ability to produce copies of themselves 

 Thus, a body is merely a mechanism to produce more effective copies of the genes 

 Under this theory, a virus is actually one or more ‘maverick genes’, which can use other 

consortiums of genes (organisms) to reproduce themselves 

 The paradox of this is that DNA or genes are only the software or programming; they can’t 

actually make copies of themselves 

 Proteins might be able to copy themselves, but they are not capable of transferring the genetic 

information 



RNA World Hypothesis 

 The answer to this might lie in the RNA, the intermediary between the DNA and proteins 

 The reason for this is that RNA can act as both software and hardware, as discovered by Tom 

Cech in the 1980s 

 Unlike DNA, RNA can fold up in a variety of ways like a protein, and therefore catalyse chemical 

reactions 

 One of the reactions that it can catalyse is actually the formation of a new RNA molecule 

 Drawing upon this idea, in 1986 Walter Gilbert developed the RNA hypothesis 

Spiegelman’s Experiment 

 The question then became is it possible for an RNA molecule to make a copy in itself? 

 In 2001, a small RNA molecule was discovered that can replicate 20 base pairs of itself 

 Spiegelman’s experiment in 1972 showed that when you combine a certain RNA and another 

molecule called replicase, plus some building blocks and energy, the RNA produced copies of 

itself 

 This process was repeated over fifty generations, and it was discovered that the original 4500 

base RNA had reduced itself down to 250 bases, whilst still being able to copy itself 

The Purpose of Proteins 

 Proteins have more versatile functional R groups to catalyse reactions than RNA 

 Thus, they are more effective hardware for replication than naked RNA 

 It thus seems that RNA learnt to template proteins in order to increase the rate at which it could 

replicate 

The Purpose of DNA 

 The question then becomes why do we need DNA? 

 DNA is a very stable molecule, much more so than RNA 

 Having two strands, DNA also has a backup of itself 

 It thus seems that DNA was developed out of the RNA as an efficient means of storing genetic 

information 

 It this seems that RNA came before DNA and proteins 

Clay/Crystal Replicators 

 The trouble is, however, that even the random self-assembly of simple self-replicating RNA is 

extremely unlikely 

 Ian cairns-smith has argued that there might have been some pre-RNA mechanism that existed, 

which led to the development of RNA (possibly minerals) 

 Mineral crystals do have some of the properties of replicators: for example they have a 

template, they grow to follow the template, they take up materials from the environment to 

replicate themselves 

 However, they lack any kind of energy system 

 The idea was that RNA could bind to self-replicating crystals, which then provided some kind of 

framework for the formation of self-replicating RNA 

 Thus, we begin with clay replicators, then move to RNA replicators, RNA/protein replicators, 

DNA/RNA/protein replicators, and finally cells 

 Cells have many advantages over naked replicating molecules, as they permit storage of 

resources and allow the finer control over reaction conditions 



Section 5: Evolution and Inheritance 

5.1 Important Discoveries in Biology 

Vitalist Theory 

 In the 17th through 19th centuries, the vitalists argued that living organisms contain a ‘vital force’ 

that is absence in non-living things 

 Though silly, this idea actually set the basis for the idea that live could be studied on a scientific 

basis, rather than merely a philosophic discourse 

 The vitalists proposed that life was special in part because it can synthesize complex organic 

molecules that cannot be created by non-living things 

Spontaneous Generation 

 Spontaneous generation was first put forth by Aristotle, and asserted that living organisms could 

arise from non-living matter (e.g. frogs from mud) 

 Louis Pasteur was a 19th century French biologist who criticised earlier experiments that 

apparently proved the theory of spontaneous generation using broth in flasks 

 Pasteur conducted the same experiment in a more controlled way, and discovered that after 

boiling the broth and then keeping it sealed for a time, showed that no life emerged 

 Life only emerged in the flask when it was allowed to remain open into the air 

 These experiments set the basis for the idea that life could only emerge from other life 

 This also set the basis for modern methods of preservation of food 

Other Important Discoveries 

 Antonie van Leeuwenhoek was a 17th century scientist who developed more sophisticated 

microscopes 

 He discovered the first microscopic single-celled organisms 

 Theodor Schwann was a 19th century German scientist extended this analysis by proposing that 

all life is made up of cells (‘cell theory’), and that cells could only arise from other cells through 

cell division 

 Charles Darwin proposed that species evolved from pre-existing species by Natural Selection 

Mendel and his Peas 

 Gregor Mendel was a monk who was working at around the same time as Darwin 

 He performed thousands of reproductive crosses between different types of peas 

 He found that yellow peas produce only yellow peas, green peas only green peas, green and 

yellow produce yellow hybrids, but when these yellow hybrids are crossed, one in four of the 

offspring are green 

 This led him to develop the theory that some heritable material that is passed on to future 

generations 

Impetus to Evolutionary Theory 

 In the 19th century, European explorers and colonialists began to make very interesting 

discoveries of life in other parts of the world 

 For example, the discovery of black swans in Australia (Europe only has while swans) 

 Karl von Baer observed that the early stages of embryo development in all vertebrates, which 

then develop in very different directions (human embryos look almost exactly the same as fish 

embryos) 



 The two basic explanations of this were that God made all the animals on a similar pattern, or 

that animals were all related 

Lamarckian Evolution 

 Lamarck developed the theory of evolution by acquired characteristics, whereby the 

characteristics that an animal acquired during its life were passed on to its offspring 

 For example, he explained the development of the giraffe’s neck on the basis of stretching 

throughout life 

 However, no evidence has ever been found to support this, and it is also contradictory with 

modern genetics, as there is no way that stretching of a neck can affect DNA in gametes 

Darwin’s Voyage 

 Charles Darwin proposed that evolution occurred by a process of natural selection 

 In 1832 he took a trip around the world on a ship called the Beagle 

 Having just completed his university degree, he wanted to visit the tropics before settling down 

to become an Anglican bishop 

 Darwin was recruited both as the ship’s naturalist, and also as the ‘gentlemen’s companion’ to 

the ship’s captain 

 Darwin spent his five years on the ship collecting specimens, writing a diary of his experiences, 

and reading books, including ‘Principles of Geology’, which outlined that theory of uniformism 

How Darwin Developed his Idea 

 While on the Galapagos islands, he collected some specimens of birds that he didn't think were 

particularly interesting 

 However, when he returned to England and showed them to a biologist, he found out that they 

were actually several different species not found anywhere else 

 This got him thinking that these species of birds might have evolved from a single ancestor bird, 

in response to different environmental niches 

 The then took the idea of population growth leading to resource scarcity from Malthus’ essay on 

population 

 Darwin thus developed the idea that as a population produces more off-spring than the 

resources can support 

 As there is also variation within the population, the population will tend over time to become 

comprised of a larger portion of individuals who are especially well adapted to their 

environment 

 In the Origin of Species, Darwin avoided talking too much about human evolution, in order to 

avoid religious controversy 

 Although initially controversial, Darwin’s theory quickly gained popularity amongst many 

biologists, as it explained so many things 

5.2 The Theory of Natural Selection 

Evolution as a Scientific Theory 

 Natural selection is a testable scientific theory 

 A scientific theory is one that can be tested to see if it is wrong – it is falsifiable 

 If in a particular test that is no evidence that indicates the theory is wrong, the test is said to 

support the theory, and a new test must be developed 



 One piece of evidence for evolution is the ability of humans to artificially select for certain 

characteristics in breeding different types of dogs and pigeons (the main example of Darwin) 

Similarities in Homology 

 Another argument Darwin put forth in support of evolution is the similarity in homology in 

different animals 

 For example, human arms, dog legs and seal flippers all contain very similar bones arranged in 

very similar ways, even though they are used for very different purposes 

 This indicates that they evolved from the same parent species 

Swim Bladders 

 Another example of homology are the swim bladders found in fish 

 Swim bladders are gas-filled organs that fish use to adjust their buoyancy, and thus change their 

altitude in the water column 

 The tissue that develops to form both lungs and swim bladders originates from the same place 

in the embryos, indicating an evolutionary relationship 

Transitional Fossils 

 Another piece of evidence put forward by Darwin were transition series of fossils (for example, 

pakicetus to ambulocetus natas to balisosaurus to dolphins) 

The Peppered Moth 

 One example of natural selection occurring within a human lifespan is that change in colour of 

the peppered moth 

 Before the industrial revolution, overwhelmingly the majority of peppered moths where white 

 During the course of industrialisation, however, many of these trees became darkened with 

soot, while the lichen that grew on the trees died 

 There was thus a selective pressure for the elimination of white moths, and indeed their 

population significantly reduced relative to black moths, which were much less easy to spot 

against the black trees by predators 

Speciation of Fruit Flies 

 Another experiment involved the feeding of different types of sugars to two groups of fruit flies; 

after a number of generations, the two types of flies were mixed, and it was found that they 

could not interbreed, thus demonstrating speciation in the laboratory 

Steps of Evolution Known to Darwin 

 There is heritable variation in characteristics within a population 

 Those variations that were more suited to their environment were selected for by natural 

selection 

 What Darwin didn't know was how this heritable variation occurred 

Mendel Explains Variation 

 Mendel developed a model for this in the process of his experiments with peas 

 He proposed the existence of two separate alleles (versions) of genes that produced a particular 

phenotype 

 He referred to the dominant allele in the upper case (Y) and the recessive allele in the lower 

case (y) 



 Combining these ideas together, we can see that the phenotype is the determinant of the 

heritable characteristics responsible for evolution 

 It was later discovered that the nature of these inheritable units was DNA molecules 

5.3 Opposing and Misusing Evolution 

Abuse of Darwinism 

 At the same time, Darwin’s theory was also taken up by many social and political causes that 

Darwin had not originally anticipated 

 For example, at the time many Europeans sought to develop a philosophical justification for 

imperialism 

 One argument was that African peoples fitted closer to the apes on the spectrum of evolution 

than Europeans 

 Such understandings of Darwinian theory continued to have important effects 

 For example, the idea of breeding a superior race through eugenics led to such policies as the 

holocaust and the breeding out of Australian aborigines 

Paul Brocca and Brain Size 

 One scientist who adhered to this view was Paul Brocca 

 He asserted that white skin and straight hair (along with various other European characteristics) 

represented a higher level of evolution than dark skin and whooly hair 

 One measurement he tried to use was radius to humeras bone ratios 

 Unfortunately for him, white Europeans fitted just between Africans and Australian aborigines, 

so he was forced to conclude that this was not a useful measure 

 Another criteria he adopted was that of brain volume, but once again he found that Europeans 

fitted in between Africans and Asians, so he abandoned this measure as well 

 Yet another measurement was the cranial index of head width, but once again he found that 

Europeans fitted in between Africans and Cro-Magnon cavemen 

 He tried a variety of other measures, all with the same result 

Evolution is not Hierarchical 

 Darwin was seen as quite socially progressive for his day, and so probably would not have 

supported such policies 

 All such beliefs regarding the superiority of one species over another are based upon a faulty 

understanding of evolution as a ‘ladder’ rather than a ‘tree’ 

 Some species are not superior to others, they are both descendents of common ancestors 

William Paley and the Eye 

 Rev. William Paley lived in the late 18th century, and was an English theologian 

 He developed the argument that complex organisms and creatures are proof of the existence of 

an intelligent designer 

 One common example of this is the eye, which is argued to be too complicated to evolve over a 

series of steps, each of which provides some small benefit over the previous 

 In fact, modern molluscs of different species provide us with a very good example of different 

stages of eye development that demonstrate how eyes could have evolved 

 Interestingly, although human eyes are very similar to those of the most developed mollusc (the 

octopus), they evolved separately 



Michael Behe and Irreducible Complexity 

 Michael Behe, a modern biochemist, developed this argument into the theory of irreducible 

complexity, which says that certain biological systems require the existence of an intelligent 

designer 

 Unlike creationists, proponents of intelligent design like Behe do not refute the age of the earth, 

and do not even dispute the role of natural selection in the development of species, but simply 

assert that there must have been involvement by some (unspecified) intelligent designer 

 One example commonly put forth as ‘irreducibly complex’ is the bacterial flagellum 

 Indeed, flagella are not irreducibly complex, as removing the ‘motor’ element we find that the 

remainder resembles the type III secretary mechanism (like a bacterium’s needle) 

 This can be taken back further and further into simpler and simpler precursor structures 

 Theodosius Dobzhansky – “nothing in biology makes sense except in the light of evolution” 

5.4 DNA and Genetics 

Historical Background 

 Darwin’s theory of natural selection is predicated upon the fact that variations within a 

population are heritable 

 Mendel was later able to show that heredity is passed on to future generations in discrete units 

that he called genes 

What are Chromosomes? 

 Chromosomes are ‘sausage-like’ structures that are found in the cell nucleus 

 Chromosomes replicate themselves into two sister chromatids, which then separate into a 

chromosome belonging to each daughter cell 

 After the discovery of chromosomes, it was thought that they may represent the heritable 

material responsible for transmission of characteristics 

 When investigated further, chromosomes were found to consist of long molecules called DNA 

along with other structures called proteins 

What are Proteins? 

 Proteins are highly complex molecules with elaborate 3-dimentional structures, made up of 

twenty different types of amino acids 

 Proteins are able to catalyse a wide variety of chemical reactions 

Determining the Function of DNA 

 DNA, in contrast, is a much simpler molecule, with a sugar-phosphate backbone with four 

different base molecules attaching to the edges 

 Because of its simple repetitive structure, it was thought that DNA probably could not be 

responsible for passing on heredity 

 One experiment was carried out by Frederick Griffith in 1928 

 In his experiments, he determined that two different forms of the same bacteria that by 

themselves were both harmless to mice, when mixed together became virulent 

 This indicated that some material was being passed between the two bacteria 

 Another experiment in 1944 by Avery, Macleod and McCarty concluded that, when only 

proteins from the smooth bacteria were added to the rough bacteria (the nonvirulent version), 

there was no effect 



 On the other hand, when only DNA was added, the rough bacteria became virulent, thereby 

proving that DNA were the source of hereditary 

 However, it was still not understood how such simple molecules could carry the information of 

life 

 Watson and Crick were able in 1953 to show that the structure of DNA took the form of a 

double-helix structure 

DNA Replication 

 The DNA strands separate (pushed apart by a larger protein) 

 An enzyme called DNA polymerase uses the strands from one side of the helix as a template the 

make the complementary strand of the new molecule 

 DNA Storing Information 

 First, DNA code is translated into RNA, in a process called transcription 

 Next, the RNA is used to create proteins, which occurs in special structures called ribosomes  

What are Genes? 

 Every sequence of DNA that codes for a specific protein is called a gene 

 Humans have about 30,000 genes, while bacteria have about 5-9,000 

 Plants actually have more genes than humans, about 35,000 

How DNA Mutates 

 DNA is the source of variation and hence natural selection, which occurs by the mechanism of 

mutations in DNA 

 When the machinery responsible for replicating a DNA molecule makes an error, the wrong base 

pair is inserted, hence changing the amino acid that is coded for 

 The most common consequence of this is that the cell identifies and fixes the error 

Consequences of Mutation 

 When this does not happen, there are several possibilities 

 First, the changed base pair might actually code for the same amino acid, hence there is no 

change 

 It might also code for a different amino acid, but with no change in protein function 

 When the new amino acid does change the protein function, there is usually a deleterious effect 

on the organism, causing it to become sick or die 

 Sometimes, however, the altered protein actually serves a beneficial function, which will make 

the organism more fitted to survival in its environment, and is thus selected for 

 In the case of Mendel’s peas, green peas occur as a result of a mutation in one particular pea 

gene that codes for a protein that breaks down chlorophyll, thus enabling the pea to stay green 

Section 6: Processes of Life 

6.1 Proteins and Cells 

The Origin of Cell Theory 

 British Scientist Robery Hooke was the first to use a microscope to examine living material 

(cork), in the 17th century 



 He was the first to observe that the cork was comprised of many tiny units which he though 

looked like the living quarters of monks, so he called them cells 

 Antonie van Leeuwenhoek was the first to observe sperm under the microscope, and so he 

theorised that that the sperm was some type of seed that was carried into the female 

Cell Structure 

 The defining feature of cells is that they are enclosed and separated from their environment by 

a membrane, which is made of molecules called phospholipids 

 These phospholipid layers of molecules prevent transfer of molecules in or out of the cell 

 Membranes are also found within cells, notably surrounding the nucleus 

Prokaryotic Cells 

 Prokaryotic cells are all microscopic 

 They have a single circular chromosome which is called a nucleoid 

 Also, in bacteria there are no proteins attached to the DNA; they just sit loosely in the cytoplasm 

 The Archaea have DNA surrounded by histone proteins the same as eukaryotes 

 This is one of the major differences between the archeae and the bacteria 

Amino Acids 

 Each amino acid has four groups that are bonded to a central carbon atom 

 Three of these groups are a hydrogen atom, a carboxyl group (making it an acid), and an anime 

group (making it ‘amino’) 

 These are the same in all 20 amino acids; the variable group is called the R group 

 The R-groups are what gives each amino acid its unique properties 

The Structure of Proteins 

 The production of proteins from RNA is called translation, and is done by ribosomes 

 Proteins are formed by the bonding together of amino acids 

 These are called polypeptide bonds, because there are many peptides 

 These chains are always linear, meaning that that they have a beginning, an end, and no side-

branch chains 

Protein Diversity 

 Any of the twenty amino acids can be bonded to any of the others; there are no restrictions 

 Cells have exploited this in order to form a wide range of proteins 

 The longest protein is titin, which is 34,540 amino acids long 

 The shortest protein is insulin, which is only 51 amino acids long 

Protein Folding  

 Each protein has a unique shape, as predicted by the gene sequence 

 Proteins can be formed and folded into almost any conceivable shape or size 

 The folding of proteins is determined by the interactions of the R-groups, while also being 

affected by the surrounding environment 

 Cells are able to perform their function because they are able to maintain a unique chemical 

environment distinct from their environment 

What are Enzymes? 

 Enzymes are molecules that are catalysts to speed up chemical reactions 



 Catalysts are mostly proteins, but some are also RNA molecules 

 Enzymes increase the rate or speed of reaction, but they cannot change the final equilibrium 

 Because they are not used up in the reaction, they are recyclable, so not much of them is 

needed 

 Cells are very efficient in that they usually couple exo- and endo-thermic reactions together via 

in intermediary molecule called ATP 

Enzyme Specificity 

 There is essentially one unique enzyme for every single cellular reaction 

 There are able 10,000 different enzymes in every animal cell 

 There will be multiple copies of an enzyme in each cell, sometimes 10 and sometimes 10,000 

 Each enzyme will only bond with a single chemical, so that it only does one thing 

 This is achieved by the lock and key mechanism, where an active site in the enzyme is shaped 

exactly right such that it can only catalyse one specific reaction 

6.2 The Need for Energy 

Importance of Energy and Carbon 

 All living cells need a source of both energy and carbon 

 Energy is needed for movement and formation of complex molecules needed for self-replication 

 Carbon is necessary as the basis for the formation of organic molecules of the cell 

Sources of Energy and Carbon 

 Potential sources of carbon include organic carbon or carbon dioxide 

 Energy can be obtained from organic carbon, sunlight or inorganic chemicals 

 Chemoheterotroph: energy and carbon from organic carbon (e.g. ameobas) 

 Photoautotroph: energy from sunlight and carbon from CO2 (e.g. algae) 

 Chemoautotroph 

 Photoheterotroph 

Energy and Metabolic Pathways 

 Metabolic pathways are sequences of chemical reactions that occur within organisms 

 Energy is the capacity to do work; can be potential (stored) or kinetic (motion embodied) 

 Most chemical reactions relevant to biology are exothermic, but require the addition of a small 

amount of energy to get them started 

What is Glucose? 

 Glucose is one of the most common fuels used by living organisms 

 When glucose is combined with oxygen, it reacts to form six CO2 and six water molecules 

 This releases a substantial amount of energy 

 Cellulose is just a long chain of glucose, and this is what is burned when plant matter is burnt 

What is ATP? 

 Another very useful molecule for the storage of energy is called ATP, with the energy stored in 

three phosphate groups 

 These are all highly negatively charged, and so when they are compressed all close together, a 

large amount of energy is stored in these bonds, much like a ‘compressed spring’ 

 This reaction can be reversed to store energy once again 



ATP as Energy Currency 

 ATP is not freely available in the environment, and is hard to store in large amounts 

 Thus, ATP is not so good for storage of energy, but is very good as an ‘energy currency’ 

 This is also the case because the ATP reaction releases a much smaller amount of energy than 

glucose, thereby enabling finer control over energy inputs 

 Because a single glucose molecule releases a large amount of energy, cells break up this reaction 

into smaller, more manageable steps 

6.3 Respiration 

Mitochondria 

 Mitochondria evolved from an engulfed prokaryote 

 They are the major generators of ATP in the cells 

 They are surrounded by two membranes, the inner one of which is very folded in on itself, and is 

where much of the energy formation occurs 

Glycolysis Stage 1 

 Literally this just means the breakdown of sugar 

 It is the stepwise breakdown of glucose into 3-carbon molecules called pyruvate 

 A slightly higher energy state is needed in order to begin the process, which requires the energy 

of two ATP molecules 

 During the second part of the reaction, 2 NADH molecules and 2 ATP molecules worth of energy 

are released 

 However, this process only harvests about one sixth of all the available energy in glucose 

 The rest of the energy is harvested during the second process of cellular respiration 

Glycolysis Stage 2 

 This takes place beginning with the transport of the pyruvate molecules into the mitochondria 

 The energy embodied in these molecules is then gradually removed by the pulling apart and 

oxidisation of carbon atoms one at a time 

 This process results in the production of a number of ATP, NADH and FADH energy transport 

molecules 

 The last part of the process, called the electron transfer chain, recovers the energy from NAFH 

and FADH2 and converts this into ATP 

 This final process requires oxygen to work, as oxygen has such a high tendency to accept 

electrons that it is the best substance to absorb the many low-energy electrons that are 

produced in this process 

Anoxic Respiration 

 When oxygen is not present, the second part of the reaction chain cannot occur 

 Thus, only the glycolysis part of the process is able to continue to work 

 This means that the pyruvate produced by this process builds up, and must be treated by the 

cell converting it into lactic acid or ethanol 

 Such anoxic respiration is responsible for virtually all fermentation processes 

Marathon Runners and Glycogen 

 Marathon runners often deplete the stored glycogen in their body after about two hours 

 When this happens, they begin to metabolise other organic molecules like fats and proteins 



 This is why marathon runners can actually require several weeks after a hard event to restore 

their fitness levels, as they have effectively broken down part of their body 

6.4 Photosynthesis 

Beginning with Heterotrophs 

 The earliest organisms were heterotrophs, meaning that they extracted energy from the organic 

molecules in the ‘primordial soup’ 

 Of course, this represented a non-renewable source of energy 

Jan Baptist and Soil Mass  

 Jan Baptist van Helmot was a 17th century Dutch physician who wondered how plants gained 

their material 

 He planted a plant in a certain amount of soil, allowed the plant to grow, and then weighed the 

soil 

 He found that the mass of the soil was basically the same, thereby proving that plants do not 

extract their mass from the soil 

Jan Ingenhousz and the Air 

 Joseph Priestley in 1771 was an English chemist who did experiments with animals breathing in 

sealed containers to find that plants could sustain the air allowing animals to survive 

 Dutch physician Jan Ingenhousz in 1778 discovered that plants actually harm the air in the 

darkness, and concluded that plants must extract carbon from the CO2 in the air, and then 

discard the remaining O2 

 Another experiment later proved Igenhousz wrong, showing that the oxygen released by plants 

actually came from the water rather than CO2 

Ennglemann and Light 

 TW Ennglemann in the late 19th century discovered that the wavelength of light actually 

contributed to the outcome of plant energy production 

 Specifically, he discovered that when light was separated into its constituent wavelengths, algae 

produced more oxygen in the blue and red regions of light than the yellow and green region 

What is Photosynthesis? 

 Photosynthesis is the process of extracting energy from sunlight and storing it in the chemical 

bonds of glucose molecules 

 The chemical equation is the exact opposition of the equation for respiration 

 Photosynthesis evolved about three billion years ago, and led to an enormous increase in the 

amount of oxygen in the atmosphere 

 The amount of energy produced by plants is equivalent to 100 fifty-ton railway cars worth of 

coal of energy every second 

Chloroplasts 

 Chloroplasts are the sight of photosynthesis in plants 

 They are surrounded by two membranes, with a network of many membranes lapping over each 

other in the inside 

 Like the mitochondrion, the chloroplast is a captured blue-green algae bacteria 

 Chloroplasts are located in the cell membrane, organised into distinct units called photosystems 



The Role of Pigments 

 Pigments are molecules that absorb certain visible frequencies of light 

 Chlorophyll is a green pigment found in chloroplasts that is closely involved in photosynthesis, 

as it absorbs most of its light in the blue and red regions of the spectrum 

 There are actually three different kinds of pigments found in plants with slightly different 

absorption spectrum, including carotenoids, chlorophyll b and a 

The Process of Photosynthesis 

 Just like in respiration, photosynthesis must be carried out in small steps, as otherwise the cell 

could not harvest enough energy in one go to built a glucose molecule from scratch 

 The system basically works as the energy from sunlight excites an electron, which is passed 

through a number of proteins and is used to convert an ADP to an ATP molecule, with the 

electron then being returned back to the chlorophyll in a lower energy state 

Primitive and Modern Photosynthesis 

 Originally, photosynthesis was used by bacteria as a means to supplement their primary energy 

source of eating other organic molecules 

 This more primitive cyclic form of photosynthesis replaces the electron at the end of the cycle, 

and so does not produce any oxygen 

 Later, more complex forms of photosynthesis (today used by most plants) does not replace the 

electron directly, but rather strips an electron from a water molecule, thereby producing oxygen 

as a result 

 The part of photosynthesis that requires light only produces ATP and NADPH molecules, which 

are not very good for storing energy over the long term 

 Thus, plants must engage in a second stage of photosynthesis which does not require light, and 

produces glucose and other carbon molecules using this energy, emitting CO2 as a by-product 

The Carbon Balance and Fossil Fuels 

 Because the photosynthesis and respiration reactions balance so well, if every molecule of 

glucose produced by was consumed by animals, the amount of CO2, water and oxygen released 

would be exactly equal 

 If some organic carbon is buried under sediments rather than eaten, it cannot be converted 

back to carbon dioxide, causing a rise in oxygen levels and a fall in CO2 levels 

 This is the process by which fossil fuels were created in the early earth 

Seasonal CO2 Variations 

 The amount of CO2 in the atmosphere cycles every year owing to the loss of vegetation in the 

winter of the northern hemisphere, causing a reduction in photosynthesis and increased 

breakdown of the now dropped leaves 

 The basic reason for this is that there is much more land closer to the north pole (and hence 

gets covered in snow), than in the southern hemisphere 

 The production of photosynthesis on land only accounts for about half of the global carbon 

fixation, with the remainder accounted for by photosynthesis of ocean bacteria and algae 



Section 7: Forms of Life 

7.1 Prokaryotic cells 

Making an Evolutionary Tree 

 It is pretty easy to make an evolutionary tree for all animals, but doing so for all organisms is a 

much greater challenge 

 Ernst Haeckl was a 19th century botanist who invented the term phylogony, which refers to the 

manner in which different organisms are related to each other 

 These early attempts often treated humans as the ‘pinnacle of evolution’, with everything else 

leading up to us 

 Pauling and Zuckerkandl determined that DNA contains the history of evolution, insomuch that 

the modification of DNA over time owing to natural selections can tell us about how creatures 

have evolved over time 

 This seems to hold true: humans share 99% of DNA with gorillas, 94% with cows, and about 40% 

with simple bacteria 

Origin of the Three Domain System 

 Up until the 1970s, there was a long-standing distinction in biology between prokaryotes and 

eukaryotes, the former with nuclei and the latter with a nucleus 

 However, when we sequenced the DNA of different organisms we discovered that there are two 

very different types of prokaryotes 

 These were labelled as Bacteria, Archaea, and Eukaryotes 

What are Archaea? 

 These are prokaryotes that live in extreme or marginal environments 

 Interestingly, there are no known pathogenic Archaea, for reasons not well understood 

 It is thought that Archaea are similar to the very first forms of life that existed on earth, and may 

be representative of the very harsh conditions that existed at the time 

 Although they lack a nucleus, the Archea are actually more closely related to us than the 

Bacteria 

 Archaea tend to live in very unusual locations, such as high temperature or high salt 

environments, and highly acidic environments 

 The reason for this is that they are a fairly primitive branch of life, and so they died out in all the 

most habitable areas and remain only in the non-habitable ones 

Two Types of Bacteria 

 There are two different types of bacteria: Gram + and Gram – 

 The former have one surrounding membrane, while the latter (unique amongst organisms) have 

two cell membranes, one on each side of the cell wall 

 To compensate for only having one membrane, the Gram + bacteria have a thicker cell wall 

Prokayotic Flagellum 

 Most prokaryotic cells have a motility appendage called a flagellum, which they use to move 

 This operates using a rotating shaft design, one of only two biological systems to do so 

 The flagellum does not rotate very fast (about 100 rpm), but it still moves the cell quiet well 



Reproduction 

 Bacteria divide by a process called binary fission, whereby the parent cell basically just splits into 

two 

 First the DNA is replicated, then the cell elongates while a new membrane and wall is built along 

the middle, pinching the cell in two 

 The fastest prokaryotic cells can double every 20 minutes, compared to about once per day for 

eukaryotic cells 

Prokaryotes and Evolution 

 It is clear from the fossil and DNA record that prokaryotes preceded eukaryotes in evolution 

 Fossil record of bacteria extends back to 3.5 billion years ago 

 Many of these early bacteria are very similar to those that still exist today, indicating that 

evolution has not much acted upon them 

Halophiles 

 Halophiles are salt-loving bacteria, often found in salt lakes 

 Interestingly, not only are there the usual round and tube-shaped ones, but some are actually 

squares 

Thermophiles 

 Thermophiles are heat loving bacteria, often found around volcanic hotsprings 

 For example, pyrolobus can live in temperatures above boiling point of water 

 They can also reduce sulphur to sulphide for energy, without requiring the use of any oxygen or 

sunlight 

 These types of organisms have also been found around underwater hydrothermal vents, some 

2.4 km down in the ocean 

 Hydrogen sulphide particles shoot out of these vents, off of which the Archaea can feed 

 The biomas produced by the Archaea then enables all sorts of other bizarre forms of life to exist  

 For example, 2.4m long worms called chemoautotrophs are essentially tubes just full of 

archeaea, and the archeae enable them to produce food directly from chemistry, without 

requiring light energy or consumption of other food 

Stromatalites 

 These earliest bacteria are found in coastal rock formations called stromatalites, which form as a 

result of the deposition of sand upon small rock formations upon which photosynthetic bacteria 

lived 

 As the sand settled upon them, they gradually moved and grew upwards to stay on top of the 

rock 

 It is these early creatures which gradually produced all the oxygen in the atmosphere, along 

with the Ozone layer 

Humans and Bacteria 

 Bacteria allows herbivores to break down the sugars in plants 

 They also enable our intestines to make essential vitamins 

 Harmless bacteria on the skin protect us from harmful ones 

 Indeed, there are actually more bacteria cells in and on our bodies than human cells 

 Of course, bacteria also cause disease 



Fermentation 

 Bacteria are used in fermented food production, which is basically a method of allowing food to 

go off in such a manner that both prolongs the life of the food, and also enables us to eat them 

 Bacteria are used to ferment cocoa pods to produce chocolate 

 Bacteria are also used in sewage treatment facilities to convert waste into safer forms 

Bacteria and the Atmosphere 

 Bacteria also carry out a great deal of photosynthesis, producing about half of all the free 

oxygen in the atmosphere 

 About 70% of all the nitrogen available in the soil is produced by bacteria, which can take it 

directly out of the atmosphere 

7.2 Eukaryotic Cells 

Early Eukaryotic Organisms 

 The earliest signs of eukaryotic life are long tubular cells called grypania, which must be 

eukaryotes because they are so much bigger than bacteria (up to 10cm) 

 Acritarchs tappania is another very early form of early eukaryotic cells, once again recognised as 

such by their size and very complex structure 

 Bangiomorpha is a bacteria cell from about 1.2 billion years ago, which is thought to be some 

sort of algae, and is shown to be a eukaryote because it began dividing in three dimensions to 

form a primitive tissue, rather than the usual two dimensional division of bacteria 

Differences of the Eukaryotic Cell 

 The eukaryotic nucleus must have originated sometime during the evolution of prokaryotes 

 Aside from mere size and nucleus differences, eukaryotes also have many more genes than 

prokaryotes, up to six or seven times the number of genes of the simplest bacteria 

 They also have a much, much larger genome and the ER 

 These features all enabled the eukaryotic cells to become larger and more complicated 

The Nuclear Envelope 

 The nuclear envelope is comprised of a single membrane folded around on itself so that is has 

two layers 

 In the nuclear envelope are communication vents called nuclear pores, which enable connection 

with the cytoplasm 

 One explanation as to why the nuclear membrane formed is that it was advantages for cells to 

be able to separate the processes of translation and transcription 

Ribosomes and the ER 

 The nuclear membrane extends outwards in a system of tubes and pipes called the rough ER, 

because of all the ribosomes that sit inside it 

 The ribosomes are excreted into the inner area inside the ER, which extends outwards 

throughout the entire cell 

 Some ribosomes float around loose in the cytoplasm, but many are attached to the ER 

The Golgi Apparatus 

 The ER is connected to the Golgi apparatus, which accepts proteins in vesicles to modify them, 

before sending them out to the external environment 



 The space inside the ER and the Golgi apparatus is actually not cytoplasm, so in some sense is 

contiguous with the outside world 

 Bacteria do not have any of these complex internal sacs, though they do have ribosomes, some 

of which are connected to the outer membrane to move proteins outside of the cell 

How Internal Sacs Developed 

 It is though that these things developed by the development of indentations in the cell 

membrane, which then gradually extended and came to surround the membrane 

 This greatly increases the surface area relative to the volume (which is important for the 

exchange of materials with the outside), thereby enabling the cell to become bigger 

Differences in Chromosomes 

 Eukaryotic DNA is extremely long: about 4m in every human cell 

 Prokaryotes have only one circular chromosome, but eukaryotic cells have many linear 

chromosomes 

 Eukaryotic cells solved the resultant problem of ‘frayed ends’ of the DNA strands by the 

development of telomeres, effectively protective caps - these are not found in prokaryotes 

 The reason for the development of histones is thought to be to give some structure and solidity 

to the DNA molecule, as they began to get too large for the cell to really handle 

Eukaryotic and Prokaryotic DNA Replication 

 In prokaryotic cells, the DNA replication begins at one point in the circular DNA called the origin, 

and then proceeds in both directions, producing two separate circles of DNA 

 However, this mechanism places a limit on the speed of DNA copying, as you can only have one 

origin in the circle, as otherwise the circles would become hopelessly tangled 

 This would have limited the size of bacterial chromosomes, as the time is takes to copy the DNA 

limits the rate at which you can reproduce 

 If bacteria got any more DNA, therefore, they would take too long to divide, and hence would 

not be able to compete for resources 

 Eukaryotic cells, however, have linear chromosomes, and hence could have any number of 

origins they wanted 

 This in turn enables eukaryotic cells to have much larger chromosomes, and hence carry much 

more genetic information 

Why Eukaryotes Won Out 

 The fastest bacteria can divide about every 20 minutes, while the fastest eukaryotes take about 

2.5 hours 

 The bacteria were thus stuck in a kind of evolutionary bottleneck, where they could not progress 

to being larger or more complicated because of the limit to their size of their genetic material 

7.3 Endosymbiosis 

Early Endosymbiotic Theory 

 In 1883, AFW Schimper noted that chloroplasts in plant cells very closely resembled 

cyanobacteria in size, colour and appearance 

 This idea was not really pursued further until the 1960s, with the invention of electron 

microscopes that allowed us to examine chloroplasts and cyanobacteria in more detail, and 

identify further similarities 



 Similar comparisons were made between mitochondria and other forms of bacteria 

 It was then discovered that mitochondria, plastids and bacteria had their own DNA, in a similar 

single-strand 

 It was not until the 1980s that all of these pieces of evidence were put together to come up with 

the theory endosymbiosis, or that cells lived symbiotically inside of other cells 

Mitochondria and Bacteria Similarities 

 Both mitochondria and plastids are similar in size and shape to bacteria 

 Both are surrounded by two membranes 

 Both are semi-autonomous, in that they divide by binary fission 

 They also divide in exactly the same way as bacteria, namely by central constriction with an FtsZ 

protein ring (which eukaryotic cells themselves do not use) 

Further Evidence of Common Heritage 

 The presence of circular DNA in mitochondria and plastids is very strong evidence, as no other 

cell organelles have their own DNA 

 If we examine the genes in the mitochondria and plastids, we find that they are very closely 

related to primitive bacterial genes 

 Gene organisation into clusters called operons is found in bacteria and in the mitochondria and 

plastids, but not in eukaryotes 

 Antibiotics also kill these organelles, but not eukaryotic cells themselves 

The Origin of Endosymbiosis 

 The theory holds that a bacterium was engulfed by a host cell (for food) but not digested 

 However, is it plausible that a food item would not be digested? 

 Karlodinium is a marine single-celled organism that ears photosynthetic algae 

 After prey capture it can take up to ten days to break the algae down in cold temperatures 

 During this time, the prey is still actually photosynthetically active 

 Thus we see that there is actually a selective advantage for such cells to slow down digestion, 

and ultimately stop it completely, as a means of obtaining a permanent source of food 

 We can imagine a similar thing occurring with a primitive eukaryotic cell which was only capable 

of turning glucose into pyruvate, which then absorbed a bacterium that was capable of breaking 

the pyruvate down into ATP 

Gene Relocation 

 Over the course of time the bacteria would lose certain genes that it no longer needed, such as 

those that were responsible for locomotion or constructing the cell wall 

 Other genes are progressively moved to the nucleus 

 Those genes that remain in the organelles seem to be those required for rapid and precise 

regulation of certain proteins 

Reasons for Gene Relocation 

 One advantage of this gene relocation would have been better coordination with other cell 

events 

 Another important reason was the better DNA repair machinery of eukaryotic cells, which in 

turn arise because they have much longer duplication times than prokaryotes 



Endosymbiosis and Evolution 

 The implication of this is that the tree of life doesn't just bifurcate, but also reticulates, in that 

organisms come together to form symbiotic relationships 

 This actually provides very strong evidence from evolution 

Eukaryotes and then Plants 

 As there are no known eukaryotic cells that lack mitochondria, we can determine that 

mitochondria were acquired only once, very early in the evolution of eukaryotic evolution 

 A select lineage of these cells took on an additional plastid bacterium, forming the plants 

 We thus see that endosymbiosis has been a major process driving the evolution of eukaryotes 

Secondary Endosymbiosis 

 The question we must then ask is does this still occur? 

 For example, could we have a secondary phase of endosymbiosis, whereby a eukaryote engulfs 

another eukaryotic cell 

 Indeed such organisms do exist, one example being an organism that consists of a reduced 

green algae inside of another cell 

 The original bacterium that became the plastid is thus surrounded by four membranes 

 These organisms are very important in nature, being responsible for such things as the malaria 

virus and many of the microscopic photosynthetic organisms in the oceans 

Tertiary Endosymbiosis 

 This can be pushed further into tertiary endosymbiosis, and we actually see many organisms 

that are in various stages of this process of endosymbiotic incorporation, indicating that the 

process is ongoing 

 Sea slugs are organisms that eat plant cells, extracts the chloroplasts, and uses them to continue 

making sugars (kleptoplasts) 

 Kleptoplasts are not able to keep these chloroplasts alive indefinitely, as many of the essential 

genes have been relocated to the nucleus of the original host cell, thereby requiring the 

kleptoplast to continue taking in new plant organisms 

7.4 Conversion to Muliticellular Life 

The Origin of Multicellularity 

 Multicellularity has arisen several separate times in evolutionary history, including red-green 

algae and kelps 

 Some species actually alternate between single and multi-cellularity 

 The earliest evidence for multicellular life dates to 3.5 billion years ago, in the stromatalites that 

form the earliest fossil records, we find units of several cells joined together 

Requirements for Multicellular Life 

 Multiple cells 

 Cells physically attached to each other 

 Differentiation and specialisation of function 

 Communication between cells 

 Individual cell sacrifice made for the good of the whole organism 



Advantages of Multicellularity 

 Specialisation of cell function increases efficiency and speed of adaptation to different 

environments 

 Just like in economics, specialisation within cells becomes increasingly more profitable with a 

larger ‘market’ 

 Multi-cellular organisms also have an advantage in being about to grow upwards, taking 

advantage of this upwards direction 

 Of course, being bigger also helps to protect one from predators 

Cyanobacteria and Heterocysts 

 These can form long filaments of cells joined to each other 

 There are some cells in these chains that are different to the others, called heterocysts 

 These cells fix nitrogen in the atmosphere into a useable form called nitrogenise 

 This process cannot take place in an oxygenated environment, and hence the need for the 

separation of these cells from the oxygen generating photosynthesis of the other cells 

 The heterocysts take some of the nitrogen and exchange it with the other cells in exchange for 

the oxygen and other nutrients that they need 

Heterocyst Spacing 

 Heterocysts are spaced at optimal intervals to maximise the efficiency of nitrogen generation 

 Whenever nitrogen becomes scarce, the normal cells spontaneously divide to form heterocysts 

 The heterocysts themselves do not divide or reproduce, and so rely on the other cells in the 

group to pass on their genes 

 The heterocysts emit a chemical that inhibits the normal cells from dividing into a heterocyst 

 This chemical becomes diluted over space, therefore explaining the regular spacing of the 

heterocysts 

Dictyostelium 

 Dictyostelium has many of the properties of multicellular organisms, in that they can join 

together in large aggregates of cells which move together 

 They even sacrifice for each other, in that some of the cells sacrifice themselves to form a stem, 

which serves as a means to raise a platform spore of bacteria that can travel on the wind or 

insects to a location with more food 

 The cells have specialisation of function and communication between each other, and yet can 

separate into many individual organisms at any time 

Strange Hybrids 

 There are some seaweed organisms that are large and have differentiation of function, but do 

not have distinct membranes that separate the organism into separate cells 

 Also, how is multicellularity different from colonial organisms, where non differentiated cells 

group together simply for defence, while remaining essentially separate 

Sponges as Multicellular? 

 Sponges are one of the most primitive examples of multicellular organisms, made up of only 

about half a dozen different types of cells 

 They mostly eat bacteria and other microorganisms 

 Sponges can actually be totally disassembled into their constituent cells, passed through a fine 

filter, and then when replaced in sea water they can reassemble themselves 



 Choanoflagellates are free-living cells that use filter-feeding in a very similar manner to some of 

the cellular components of sponges, and genetically have been found to be very closely related 

 Thus we see that multicellular organisms do not actually have to always stay multicellular 

The Meaning of Multicellularity 

 Multicellularity is a human-defined term, and so we must be careful with how we use it if it is to 

remain a useful term 

 Many lineages of both prokaryotes and eukaryotes form networks between cells that help them 

all to survive better 

Discussion Questions 

 Could land have been colonised without multicellular organisms? 

 The real restriction here is that single celled organisms cannot maintain enough water to 

support themselves – multi-celled organisms can find water elsewhere 

 For example, trees put down roots to find water, while animals can move around 

 At the same time, single-celled organisms have the advantage of faster reproduction and 

greater genetic diversity, which in turn helps adaptation 

 Because multicellularity has emerged on earth in many different times in many different ways, 

there is perhaps a good chance that life elsewhere on the universe will also be multicellular 

Section 8: History and Development of Life 

8.1 Fossilisation 

Mechanisms of Fossilisation 

 Fossilisation requires rapid burial in an anoxic environment, which prevents predation or 

bacterial decomposition 

 Tar pits preserve animals very well, even the original material of the bones 

 Volcanic ash can preserve the shape of the body, but the original material will still decay, leaving 

a hollow which can be used as a mould (e.g. Vesuvius) 

 Bogs and ice can preserve things for thousands of years, though they still decay eventually 

 Mummification occurs in dry environments (like caves), and is able to preserve soft tissue 

 Full body fossils can also be fossilised inside tree sap 

 Carbon impressions on rocks, especially for soft-bodied creatures 

Soft-Bodied Fossils 

 The first soft-bodied fossils date to around 575 million years ago 

 These earliest fossils are imprints of early soft-bodied creatures in rocks 

 This occurs when the soft-bodied creature dies, and its body falls onto a mud substrate layer 

(the mud is necessary in order to preserve the detailed impression of the body) 

 It is than necessary for some other, different sediment to fall on top of the depression made by 

the soft body, thereby preserving an imprint of the animal 

Soft-Bodied Creatures 

 Some examples of these early soft bodied fossils: dickinsonia, mawsonites, spriggina, 

tribrachidium, charniodiscus, parvancorina, kimberella, inaria, hallucigenia, pikaia, opabinia, 

santaclaris 



The Problem of Colour 

 One problem with all of these fossilisation techniques is that none of them preserve colour 

 Luckily, we can make reasonable assumptions based on the environment and flora of the time; 

we can also make comparisons with similar modern animals 

The Preservation Problem 

 Only about one percent of all creatures that lived in the oceans ever left any type of fossil record 

– even lower rates prevail on land 

 The preservation problem relates to how it is possible for detailed fossil impressions to have 

been preserved on sandstone, when the sediment particles are so large (think of how much 

detail it is possible to get in a sandcastle) 

 One possible explanation is that there was some kind of bacterial agent at work 

8.2 Palaeozoic Life 

The Cambrian Explosion 

 A massive increase in the number of multicellular organisms that occurred just before the 

beginning of the Cambrian  

 It is associated with a rapid rise in atmospheric oxygen levels 

 Explosions of life often occur after the end of icehouse earth periods, as they are often followed 

by greenhouse earth periods, which are very conducive to life 

The Evolution of Shells 

 Shells formed in response to the increase in the number of animal species in the ocean following 

the Cambrian explosion, most likely as a defensive mechanism against predation 

 It was also assisted by the increase in the oxygen content of the atmosphere, which in turn 

increased the amount of calcium carbonate in the oceans, in turn allowing the animals to 

biomineralise the calcium carbonate form the ocean to form the shells 

Speciation and Extinction 

 When there is an increase in diversification of species, there are more opportunities for 

experimentation and evolution 

 We thus see an increase in specialisation, and the evolution of increasingly more specialised 

species 

 The more specialised a species is, the more likely it is to go extinct, as it is unable to adapt to 

even small changes in the environment 

 As such, it is generally the most conservative species that survive for the longest 

Phanerozoic Divisions 

 The three large eons of the Phanerozoic period are divided by large extinction events 

 Smaller divisions are marked by smaller extinctions 

The Tree of Evolution 

 Fish appeared around 500 million years ago, evolving into amphibians by 400 million years ago, 

which in turn evolved into reptiles around 350 million years ago 

 Dinosaurs evolved from reptiles following the Permian extinction, and birds in turn evolved from 

dinosaurs 

 Most of the families of animals that are alive now originated in the Paleozoic 



Plant Life 

 The first plants only appeared around the late Silurian or early Devonian period, evolving from 

algae and other early organisms 

 Sphenopsids – now extinct 

 Seed ferns – now extinct 

 Lycopods – now extinct 

 Cycads – now extinct 

 Conifers 

Vertebrate Fish 

 Placodermi – armoured fish, now extinct, that were dominant in the Devonian. They were 

enormous marine predators 

 Cartilagenous fish – more like modern fish, fish with cartilage (e.g. sharks) 

 Bony or ray-finned fish – like most modern fish 

 Lobe-finned fish – evolved into tetrapods 

 Flowering plants are only a very new type of creature, beginning around the cenozoic era 

 We also see that most of the species of plants that existed in the Mesozoic and Paleozoic era 

were very different to those of today – they were much more primitive and sparse 

Invertebrate Marine Life 

 Brachiopods – filter feeders with two shells on the outside, shaped a bit like a saddle. They were 

common in the Palaeozoic, but are very rare today 

 Clams (bivalves) – they also have two shells, surrounding a soft interior body in-between 

 Mollusc gastropods – these are snails, which are basically just slimey tubes with a shell. They are 

marine and terrestrial 

 Echinodermata – these include starfish, sea urchins and similar creatures; they are all based on 

pentagonal symmetry 

 Triffids – these are a type of Echinoderm that look like plants. There are some alive today, but in 

the Palaeozoic areas of the ocean floor were covered with meadows of them, some of which 

have formed into limestone 

 Trilobites – these are large anthropods with three lobes, which curled up with an articulated 

shell when threatened. Some could grow as large as a metre. They were exclusively marine 

 Rugose corals – these are now extinct. Corals are associated with algae, which require sunlight 

in order to live, and hence corals usually live in tropical shallow water 

 Tabulate corals – these are flatter corals which are also now extinct 

 Nautiloids – squids with shells, having internal chambers for buoyancy 

 Sponge spicules – rather uninteresting filter feeders that lay on the sea bed 

 Grapholites – creatures that make markings on rocks. These are important because they are 

very easy to identify, were found all over the world’s oceans 

 They also evolved very quickly, and so many of the specific species only lasted about a million 

years, thereby making their fossils very useful for relative dating 

Giant Insects 

 Arthropoda Eurypterids – gigantic scorpions several meters long 

 Enormous millipedes 

 Meganeuropsis permiana – gigantic dragonfly 

 There were many gigantic insects in the Palaeozoic 



 This was because the world was largely covered by swamps, thereby forming the perfect 

environment for coal formation (especially during the carboniferous) 

 These periods occur during periods when there is much carbon in the atmosphere, which times 

are generally associated with gigantism in animals 

 Another factor aiding the evolution of giant insects was the absence of many predators 

 This also applies to the Paleaozoic seas – there were few burrowers at this time, indicating that 

there were few marine predators 

8.3 The Permian Extinction 

The Permian Extinction Event 

 This is one of the most severe extinction events in the history of the planet 

 About 57% of all families and 83% of all genera became extinct 

 Even more amazing, 70% of all land species and 96% of all marine species 

Impact Event 

 Really big impacts are rare, only about once every hundred million years 

 An impact event will produce an enormous crater, and kill all the organisms in the immediate 

area 

 There will also be a blast zone up to hundreds of kilometres away from the impact 

 The impact also generates large amounts of heat, causing enormous firestorms that could engulf 

entire continents 

 Small fragments of rock and dust will also be thrown up into the upper atmosphere, blocking 

out sunlight and causing global cooling 

 A large meteor hitting in the ocean would cause massive tsunamis, and would actually 

temporarily empty an ocean or gulf of water (e.g. gulf of Mexico) 

No Evidence for Impact 

 However, no impact craters of sufficient size have been found dating from this time, so it seems 

that a large impact event is not the explanation for the Permian extinction 

Massive Volcanism 

 Massive volcanism would release sulphur dioxide in the upper atmosphere 

 When combined with water, the sulphur dioxide would form sulphuric acid, causing acid rain 

which could cause extensive land extinctions 

 The volcanism would also throw up dust and particles into the atmosphere, thereby causing 

global cooling 

 This cooling would lead to glaciations, which in turn would lower the sea levels and cause 

marine extinctions 

 Fungi are more resistant to acid rain than other creatures, thereby leading to fungal 

proliferation 

 Volcanism would also produce carbon dioxide, which could lead to a greenhouse world 

 In a greenhouse world, there are no glaciers at the poles, and hence there is less of a 

temperature difference to drive the ocean currents 

 This stagnation of ocean currents will produce ocean water anoxia, in turn causing ocean 

extinction 



The Siberian Traps 

 There is evidence of massive volcanism, in the region of the Siberian Traps of Russia 

 This is a region of lava that extends for over about half of Russia, several kilometres thick 

 It also dates from the correct period, so may be a strong candidate for causing the K-T event 

Supercontinent Formation 

 Most marine creatures live in the photic zone, or the region of the ocean where light can 

penetrate, which extends to a depth of about one hundred meters 

 The formation of a supercontinent would have caused seas to disappear, thereby causing some 

extinctions 

 More importantly, the formation a supercontinent would reduce the area of coastal waters in 

which most marine animals live by some 80%, causing massive extinctions 

 When Pangea formed, it moved over the south pole 

 With no land over the equatorial regions, many of the tropical species would have died out 

Catastrophism or Gradualism? 

 Analysing the likelihood of these hypotheses requires examining whether the extinction event 

was gradual or catastrophic 

 In geologic terms, a catastrophic event is one that is over in about 500 thousand years (e.g. 

volcanic event) 

 A gradual event, in contrast, will take millions of years 

 The merging of all the continents into a supercontinent would take on the order of ten million 

years 

 Hence, the debate over the cause of the KT event centres on whether it was a more gradual or 

catastrophic event – this is still debated by scientists today 

 Ultimately, both the supercontinent formation and the volcanic event contributed to the 

extinction, though which is more important is still being debated 

8.4 Mesozoic Life 

Ammonites 

 Ammonites look a bit like snail shells with a squids head protruding from one side 

 The shell is full of distinct partitions with a fairly complex structure 

 Some of them could be very big, about two meters long 

 Ammonite fossils are very useful for dating, as they can be isolated more precisely than other 

fossils, including dinosaur bones 

Other New Creatures 

 Cuttlefish are the internal skeleton structures of belemnites, another extinct squid species that 

lived about one hundred million years ago 

 The late Mesozoic period also saw the beginning of flowering plants 

 Other important creatures to evolve during this period were birds and mammals 

Dinosaurs Living at the Poles 

 About one hundred million years ago, Victoria was home to a large number of dinosaur fauna, 

though not a very wide abundance of species 

 Large dinosaur eyes indicate that they lived in a dark environment, while other evidence 

indicates that it was very cold 



 This points to a polar environment, which could have been dark up to three months per year 

 The trouble with this is that most reptiles that we know are cold blooded, and so need sunlight 

to stay warm 

 One possible explanation is that the dinosaurs could have hibernated, although the large eyes 

indicates that the dinosaurs could have hibernated, although the large eyes indicates that these 

animals were active at night, and so must have been warm blooded 

 Dinosaurs found in Victoria are also fairly small, especially compared to those found in 

Queensland 

 This is indicative of altitudinal differentiation of dinosaurs in Australia 

 Migration to warmer regions during the winter is possible, but unlikely, as we have never seen 

mass migrations of animals as small as the average dinosaur size of the time 

Polar Climates in the Mesozoic 

 At this time the world had no ice sheets and the amount of carbon dioxide in the atmosphere 

was over four times that of today 

 This means that the polar regions were significantly warmer than today, between five and ten 

degrees, in turn meaning that the polar regions at this time were not freezing 

 The overall conclusion is that the environment was tepid, with lush vegetation in twilight 

lighting conditions – not freezing in a dark polar environment 

 At the same time, we can determine from this evidence that the old argument that the 

dinosaurs became extinct because they could not adapt to the cold is inaccurate 

The K/T Extinction 

 At the K/T boundary, 17% of all families, 50% of all genera and 75% of all species became extinct 

 Climate cooling began at about 80 million years ago, and so is yet more unlikely to be the source 

of the dinosaur extinction 

 The breakup of the supercontinent can also be discounted, as it began about 100 million years 

ago, whereas the K/T boundary is clearly a catastrophic event 

Massive Volcanism 

 There is a massive volcanism event dating to around this time, associated with the Deccan traps 

in India 

 In particular, the release of all the carbon dioxide associated with the volcanism would have 

acidified the oceans, causing the plankton to become extinct and hence the entire food chain to 

collapse  

 Acid rain can have similar effects on land 

Impact Events 

 There is evidence of a massive impact crator (about 100km across) near the Yuctan peninsula 

dating to the exact time of the extinction 

 This would have produced global firestorms, tsunamis, and a ‘nuclear winter’ effect 

 The enormous stresses on the crust produced by the impact may also have triggered volcanism 

 However, some argue that there is about a half a million year lag between the meteorite impact 

and the K/T boundary, thus strengthening the case for volcanism being the cause, as the Deccan 

traps volcanism event lasted for millions of years across the entire period 

 The impact event and volcanism would have tended to release greenhouse gases (methane for 

the former and carbon dioxide for the latter), so this does not really help 

 There is no real dispute about these events, just the timing and severity of them 



8.5 Megafauna 

What are Megafauna? 

 Megafauna is defined as mammals and marsupials that are over 40kg 

Australian Megafauna 

 Few megafauna fossils have been discovered in central Australia, possibly owing to the arid 

environment (although not necessarily a million years ago), and simply the fact that less 

exploration has occurred in this area 

 Megafauna lived in Australia from millions of years ago until about 50,000 years ago 

 The best preserved examples of these fossils are found in caves 

Examples of Australian Megafauna 

 Long Beaked Echidna 

 Tasmanian Devil (became extinct on mainland about 50,000 years ago 

 Tasmanian Tiger (as above); became extinct following the widespread hunting of then in the late 

19th and early 20th century, as they were eating the sheep and so a bounty was placed on them 

 Giant Koalas – about one third larger than modern version 

 Giant wombat two meters long 

 Marsupial Rhinocerus – very large, herbivore 

 Diprotodons – largest marsupial ever at 3.4 meters long, like an enormous wombat 

 Marsupial tapir – anteater with a long nose 

 Marsupial lion – similar to sabre toothed tigers, predaceous scavengers 

 Giant rat kangaroos – omnivorous and perhaps carnivorous, size of large modern kangaroos 

 Giant kangaroos and wallabies (Procoptodon) – short face browsing kangaroos 

 Megalania prisca – large relative of living goannas, up to 7m long 

 Giant Aussie Python – up to 5m long 

 Mirirung – giant flightless bird similar to emu, but much taller 

North American Megafauna 

 The megafauna in north America was even larger and more impressive, including mammoths, 

sabre-toothed tigers, doedicurus, giant beavers and giant sloths 

 In large part this is related to the fact that Australia is smaller and has a much drier climate, 

thereby leading to lower food availability and consequently a sparsely spread megafauna 

population 

 Extinction of megafauna occurred 50,000 years ago in Australia, 13,000 years ago in North 

America and 7,000 year ago in Europe (they still remain in much of Africa) 

Dating Megafauna Fossils 

 Unfortunately the limit of carbon dating is 40,000 years, thus making it impossible to date the 

megafauna fossils this way 

 A method around this has been the use of cosmogenic dating, which involves measuring when 

grains of quartz were last exposed to sunlight, which apparently produces some kind of election 

reaction 

 This method is very difficult to use, but nonetheless all dates seem to point to about 50,000 

years ago 



Causes of Extinction 

 Animal naivety is an important factor in the extinction of many island species, as they have not 

evolved with predators, and so are easily wiped out by the introduction of any predator 

 This was probably a factor in Australia, as there were few predator species 

 Rate of breeding is also a factor, as large animals tend to have slower reproduction rates 

 Africa underwent significant climate change across its history, but not much of the megafauna 

became extinct, so this doesn't seem like the best explanation 

The Role of Humans 

 Humans arrived in north America around 13,000 years ago, exactly the time of the extinction of 

the local megafauna 

 In contrast, humans coevolved with many of the megafauna of Africa, thus potentially explaining 

why they did not become extinct 

 Archaeologists have not found any spears in megafauna or slaughter sites, as have been 

discovered in north America 

 Also, there are some who argue that the megafauna in Australia persisted to 18,000 years ago – 

thus begging the question of what was the real cause of the extinction 

 That said, the climate argument is hampered by the fact that climate variations occurred in a 

hundred thousand year cycle for the past few million years, but the megafauna survived all 

these previous changes 

Section 9: Life in the Universe 

9.1 Finding Exoplanets 

History of Exoplanets 

 Scientists have speculated about the possibility of planets orbiting other stars since the time of 

Newton 

 There were many claims throughout the 20th century, but the first to be substantiated only 

came in 1992, though this was found around a pulsar and so life was an impossibility 

 The development of a new Doppler technique in 1995 allowed the detection of many new 

planets beginning in 1995 

Doppler Shift 

 The gravitational redshift method works because a planet and its star will orbit the system’s 

common centre of mass, each orbiting the centre of mass in the same amount of time 

 Because the star is so much more massive than the planet, this point will be much more massive 

than the planet 

 This means that as the planet orbits around the star, the star ‘wobbles’ about its axis 

 Note that one such wobble will be generated separately by each planet in the system 

 If the planet-star system is oriented appropriately, we can see this motion in terms of the 

Doppler shift of the light of the star 

 This could only be done, however, when special techniques were developed to be able to 

measure this degree of redshift to a high degree of accuracy 

 We can now measure the velocity of a planet to a very high degree of accuracy, about 4m/s 



Planetary Transits 

 This involves observing the changes in the brightness of the star as planets transit past it in their 

orbit 

 Note that this will only work if the system is edge-on to us 

 Once again, it requires measurement of the brightness of the star to within a percent or so 

 Using this technique, we can determine the planet’s period based on how long it takes to return 

and complete a second transit 

 Of course we need multiple observations in order to confirm these observations 

 An earth-sized planet would cause a reduction of about 0.01% of the star, and we cannot yet 

measure brightness to this degree of accuracy 

Gravitational Lensing 

 The trouble with the Doppler shift and transit methods is that they are both biased towards 

massive gas giant stars 

 One technique that we can now use to detect earth sized planets is gravitational lensing 

 Gravitational lensing causes the background object to be magnified 

 Unfortunately there is only about a one in a million chance for two stars to be sufficiently 

aligned such that a gravitational lensing event occurs 

 When the lensing star has a planet orbiting around it, it will actually produce an extra blip on the 

brightness curve of the lensed star 

 Using this data we can actually calculate the mass and orbital period of the planet 

Automatic Observation 

 Around the world there are observatories monitoring millions of stars, with computers 

automatically searching for transit events 

 When transit events are detected, the information is sent to other observatories, when then 

point their telescopes at the particular stars and see if they can discover a new planet 

 The great benefit of this method is that we can discover even very small planets; the 

disadvantage is that it is a one-off observation which we cannot repeat 

Direct Imaging 

 Because of the enormous distance and small size of exoplanets, they are not very easy to see 

 This is made even more difficult because the planet is so close to the star, and so hard to resolve 

 In this case, it is easier to see planets that are further away, as they are easier to resolve 

 So far we have discovered about four planets using this method 

Summary 

 As of today, 454 exoplanets have been discovered, with about one hundred new ones being 

discovered in the past year 

 Most of them come from the radical velocity method, plus a few from transits, microlensing, 

astrometry and thermal imaging 

 The Keplar satellite is expected to discover thousands of new planets within the next couple of 

years, including those within the habitable range for life 

9.2 Extrasolar Planets 

What Stars to Look at? 

 Star must be a stable main sequence star 



 Big stars are likely not to live long enough for the evolution of complex life 

 Multiple stars are perhaps less likely to harbour life, as the planets would be perturbed in their 

orbits by the dual stars 

 It has been modelled and shown to be possible that planets could be stable in such binary 

systems, thus producing potentially strange combinations of night and day cycles 

 The most likely stars around which life-bearing planets are likely to be found are probably F, G 

and K stars, as they have the right balance of enough energy output and longevity 

 For instance, A and B stars are too short-lived, and many of the M stars are probably too faint 

Some Promising Early Indicators 

 The Anglo-Australian telescope has a very accurate spectrograph, and has found 24 planets 

around 240 stars, even though it had only been looking for a few years, and so could not have 

found any real distant ones yet 

 From the provisional spectroscopic evidence that we have at the moment, it seems like planets 

are more likely to form around iron-rich than iron-poor stars, which is good news for finding 

complex life 

 We have found water, oxygen and other such materials in the atmosphere of one exoplanet, 

although it is so close to its star that the heat and cosmic rays are blowing away the atmosphere 

at a rate of 10,000 tons per second 

Inside Gleise 436B 

 This is one of the smallest planets that has been found so far, about 22 earth masses 

 Its density is about twice that of water, compared to about one for gas giants and around five 

for rocky planets with an iron core 

 The presence of an iron core are very important, as the presence of radioactive elements 

generates heat, while if there is a liquid component to the core it will generate a protective 

magnetic field 

 Gleise is thought to have an iron core surrounded by a big chunk of ice, with an outer 

atmosphere of hydrogen and helium 

The Problem of Hot Jupiters 

 When we first began looking for exoplanets, we expected to see things much like our own solar 

system, with distant gas giants, mostly circular orbits, etc 

 The finding of many gas giants very close to the star was a very big surprise, as we would expect 

that the gas of such planets would be evaporated off very quickly 

Eccentric Orbits 

 Of the exoplanets found so far, we find that most of them are massive, close to their parent star, 

and have highly elliptical orbits 

 The former two properties are selection effects, but the latter is not 

 Most of the planets also have quiet eccentric orbits, which is surprising because we would 

expect the planets to be ripped apart by tidal forces at their closest approach 

 These two factors mean that such planets are unlikely to be very stable, and hence are not good 

candidates for life 

 Circular orbits are thought to be important for maintaining stability of temperature, and also 

avoiding scattering (which is more likely with highly elliptical orbits) 



9.3 Habitable Zones 

What is the Habitable Zone? 

 The habitable zone of ‘goldilocks zone’ is the region around a star where water can exist in liquid 

form 

 This of course assumes that the planet has a surface 

 For our star’s habitable zone, the earth is near the very inner (hot) edge of it, while Mars is at 

the very outer (cold) end of it 

 The volume of the habitable zone decreases with smaller stars, and so it is probably quiet 

unlikely to find life around such small stars 

Life Outside the Habitable Zone 

 Sub-surface water may well be fairly common, with heat sources such as radioactive decay and 

tidal forces 

 An insulating layer of atmosphere may also keep a planet warmer 

 Finally, life forms may be based on liquids other than water 

Important Considerations for Life 

 Distance from the sun: affects the temperature with the inverse square of the distance 

 Size: effects the strength of the gravitational force, and hence the ability of the planet to hold its 

atmosphere 

 Atmosphere: keeps the heat in and equalises temperatures across the different size of the 

planet 

The Future of Life on Earth 

 The sun continually gets more luminous over time, owing to the collapse of the star and the 

commencement of helium fusion 

 This means that the habitable zone moves further and further outwards 

 The Earth will move out of the habitable zone in about a billion years time, about the same time 

as Mars moves into it 

9.4 Signatures of Life 

Three Basic Indicators 

 Biosignatures: fossil evidence, biogenic substances, organic macromolecules longer than 1000 

amu 

 Geosignatures: atmospheric gases, roads, canals and citites, erosion due to biological processes 

 Geoindicators: liquids such as water, complex chemistry, an atmosphere (not as strong forms of 

evidence) 

What are Cosmic Rays? 

 Cosmic rays are streams of charged particles from the sun travelling at very high velocities 

 These have the potential to cause immense harm to our bodies, and so on earth we are very 

fortunate to have an atmosphere that shields us from them 

Examples of Signatures of Life 

 Changes in the surface brightness of a planet, which might signify either water or vegetation 

 Examination of the spectrum of a planet to see the composition of its atmosphere 

 Looking at the absorption spectrum of the atmosphere for indications of water or oxygen 



 Sings of free oxygen would be almost certain signs of life, as oxygen is highly reactive 

The Earthshine Experiment 

 The idea here is to test the reflected light from a planet as to whether or not it contains life 

 We can use the light reflected from the earth to test if this method will work 

 We can see the light reflected form the earth from the dark side of the moon 

 Using this method we can determine that it is possible to distinguish changes in the colour of 

the reflected light from the moon, depending upon whether or not it has come from the land or 

the sea 

 The red edge refers to the phenomenon whereby plants actually appear strongly red to 

instruments that can measure light across the entire spectrum 

 We have been able to detect this additional red light from light that is reflected from earth onto 

the moon and back 

The Darwin Telescope Array 

 Darwin telescope array proposed to be launched in 2014 using interferometer technology in the 

infrared to search for distant life 

 This interferometer technology is important because we need to separate out the absorption 

spectrum caused by elements in the star’s atmosphere from the effects of the planet’s 

atmosphere 

Search for Extraterrestrial Intelligence 

 There have been four major radio searches looking at different areas of sky to see if we can 

detect signals 

 A new one coming online soon is called the Allan Telescope Array (movie Contact) 

 In 1974 a message was sent out from the telescope at Arecibo containing some basic 

information about human life 

 Nowadays we mostly focus on listening rather than sending our own signals 

The Mechanics of Looking for Radio Waves 

 Radio and TV transmissions are broadcast horizontal to the surface of the earth, such that 

observers at a distant star would only see it when the rotation of the earth was in the correct 

direction for the signal to get to their star 

 To calculate how strong the signal will be at any given distance, we take the surface area of the 

sphere with a radius equal to the distance between earth and the observer, and put it to the 

power of negative one 

 Doing this calculation we find that even at Alpha Centauri radio and TV signals would be about 

at the level of the biggest (single dish) radio-telescopes that we currently have 

 There is a particular narrow window in the radio spectrum where interference from the galaxy 

and quantum effects is at a minimum, and so would be the optimum range for sending a signal 

(called the waterline) 

 Of course an intelligent species would know this, and so this is where we should look for signals 

9.5 The Possibilities for Life 

The Drake Equation 

 An equation invented by Frank Drake in 1961 as a sequence of steps to determine the 

probability of finding intelligent life in the galaxy 



 There are seven factors, grouped broadly into astronomical, biological and sociological factors 

 We observe proto-planetary disks around the majority of stars that we see forming, so it seems 

that solar systems are fairly common 

 For these purposes, our definitions of intelligent life are those races that are capable of 

communicating with radio waves; by this criteria we have only been ‘intelligent’ for 65 years, 

since we invented rador 

Sociological Questions 

 We must also consider how long an intelligent civilization will last as a percentage of the lifetime 

of its star 

 If we are to assume that our civilisation will collapse in the next few hundred years, the final 

factor we feed into the equation (assuming a star that lasts ten billion years) will be      

 One assumption that we could make is that life will develop anywhere the conditions permit it, 

which seems to be consistent with what we observe on earth 

 Really the dominant factor in the equation is the lifetime of each communicating civilisation, as 

if this is very low, the probability of any two overlapping is very low 

The Outcomes 

 When pessimistic values are fed into the equation, we find that we are probably alone in the 

galaxy 

 If we assume optimistic values, we should only need to search a few thousand nearby stars in 

order to find an intelligent civilization 

Primitive Earthlings 

 On the other hand, if we assume these more optimistic values, it would be most likely that any 

life we find is tens of thousands or up to millions of years more advanced than us 

 The question therefore becomes why haven’t they already contacted us? 

 One possibility may be that we are so primitive compared to them that they don't even bother, 

just like we don't bother trying to communicate with bacteria 

The Anthropic Principle 

 This is asking the question as to why is there life in the universe, and is the existence of life just a 

coincidence or is there a more fundamental reason? 

 Behind this is the principle that if you changed some of the fundamental parameters of the 

universe even slightly (e.g. fine structure constant), matter and life as we know it probably could 

not exist 

 As another example, if there were four spatial dimensions instead of three, gravity and other 

forces might work very differently 

 Clearly our universe is ‘fine-tuned’ for life; what we don’t know is whether or not this is natural, 

accidental or something else 

Strong and Weak Versions 

 Brandon Carter put forth the weak and strong Anthropic principles 

 WAP: we occupy a special and privileged location in time and space 

 SAP: values of the fundamental parameters of the universe are fine-tuned to support life 

Golden Age for Life 

 Robert Dicke has remarked that now is a ‘golden age’ for life in the universe 



 If the universe was only a tenth as old, there wouldn't be enough heavy elements for life, while 

if the universe was ten times older, most stars would have already died 

The Fermi Paradox 

 The basic paradox is that someone should have colonised the galaxy by now 

 We should be surrounded by the evidence of this civilisation, instead we see nothing 

 We do not even have any evidence of advanced probes 

Potential Explanations 

 We are alone in the galaxy 

 Civilisations do not want to colonise for some reason 

 They do not colonise because they destroy themselves too quickly 

 Another possibility is that such a civilisation could talk to us, but has chosen not to 


