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Today I want to continue the theme of “imagining our future evolution”... by exploring the 
impact humans have had on our planet, and how that impact may well change the future so 
dramatically that it has encouraged some scientists to label our present time as a whole new 
geological era, calling it the Anthropocene.

We'll begin by discovering exactly what a geological era is and why it is significant to even 
consider that human activity warrants a label of its own.

We'll then examine this human impact by first looking at the ways in which our ancestors 
historically affected the planet.

We'll then move on to dissect the impact that we are currently having.

Then we'll cast our minds forward, into the near and far future, hoping to decide whether it will 
most likely resemble an environmental Utopia or will it look more like the terrifying dystopian 
world depicted in so many Science Fiction novels.

Lastly we'll try and end on a more hopeful note, identifying things that we could or should be 
doing to ensure that the Anthropocene won't just be remembered by our distant descendents as an
era of disaster, destruction and inaction.

So let's begin by asking just what is a Geological Era?

Page 2 of 66



Geological Eras are subdivisions of the Earth's history, beginning with the formation of the 
Earth 4.5 billion years ago, seen here at the distant start of this very long spiral. The 
boundaries between each of these eras are often defined by some catastrophic event that 
sometimes led to mass extinctions of living things. In each case the evidence for the 
particular catastrophe and the dramatic change in the number and types of living things has 
been preserved in the layers of rock laid down at those times. Hence the term Geological 
Era.

Before we get into talking more about these Eras and the catastrophes that defined their 
borders, however, I need to clarify three things...

Firstly, in a debate that may be only of interest to pedantic Geologists, there is a profusion 
of terms used to divide Geological Time into segments that everyone can agree on. Because 
the age of the Earth is so great it is almost impossible to fit its timeline and all of its 
subdivisions into a single chart. Showing it as a stretched-out spiral like this is one such 
attempt.
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This, however, is the internationally-recognised, “official” system of subdividing Geological
Time. In this case you will have to imagine these columns stacked end-to-end, with the left-
most column on top, being the most recent, and the right-most column on the bottom, being 
the oldest. As you can see in the column headings on this chart the Earth's timeline is 
divided into Eons, Eras, Periods, Epochs and Ages. I have marked the Eras columns with 
red dots. The time segments in each of these columns refer to increasingly smaller partitions
of the Earth's timeline. For example, the Phaenerozoic Eon is seen here occupying the three 
left-most columns. It covers about 540 million years and is further subdivided into three 
Eras, the Paleozoic, the Mesozoic and the Cenozoic (pronounced Seen-o-zoic). Each of 
these are further subdivided into Periods... You have undoubtedly heard of the Jurassic 
Period, for example. It is a subset of the Mesozoic, seen here at the top of the second 
column, that lasted about 55 million years, defining a time when dinosaurs ruled the Earth.

As you might expect, Periods are further subdivided - into Epochs and Ages. Officially, we 
are currently living in the Holocene Epoch which began around 11,700 years ago  when the 
last in a series of several major Ice Ages began to recede. You can see the Holocene here as 
the last little segment at the very top of the first column.

Despite a mild unwillingness to incur the wrath of those pedantic Geologists, and fearful of 
boring you to tears, I am going to do my best to avoid this abundance of historic terms and 
strange sounding names. I am going to refer to all past segments of Geological Time merely 
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as “eras”. That's “eras” with a small “e”. I will happily sacrifice accuracy for intent... and by
using the term “era” my intention is to refer to any recognisable segment of time in the past 
that I can comfortably use to illustrate a particular point.

Secondly, you will note that the timescale on this chart is nowhere near being proportional...
the right-hand column, for example, covers over 4 billion years while the left-hand column 
covers only 145 million years yet it contains many more subdivisions. This increase in the 
number of subdivisions as we get closer to the present time is often shown in charts like 
this... where the more recent segments are graphically extracted and expanded to show the 
increased number of subdivisions. 
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Why is the Earth's timeline so unevenly proportioned in this way? It mainly has to do with 
the immensity of the time that living things existed in a form that made fossilisation all-but-
impossible... For well over half of the Earth's history, life consisted of microscopically small
single-celled creatures who left very little direct evidence of their existence in the rocks. It 
was really only towards the end of the Precambrian, 540 million years ago that fossil 
evidence became increasingly abundant, allowing scientists to recognise identifiable 
subdivisions of time, based mainly of the types of organisms living then, as revealed by the 
fossils.
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Thirdly, I will be using the term “Anthropocene” to describe the era  in which we now find 
ourselves (that's “era” with a small e, remember?). I need to note that this is still not an 
official term. It has not, as yet, been ratified by the very conservative body that defines such 
things, the International Commission on Stratigraphy. However, it was a term coined by a 
couple of scientists in the year 2000 and has been unofficially but enthusiastically adopted 
by a broad cross-section of the scientific community and by elements of popular culture. 
Once again, in reckless disregard of the disapproval of those pedantic Geologists, I intend to
use the term as if it were real... because I think distant future generations will have no 
difficulty at all identifying our existence merely by looking at the unmistakable geological 
record we will leave behind.

So, with those few explanations out of the way, let's return to identifying what it was that 
defined some of these past “eras”...
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The Earth was formed about 4.5 Billion years ago and the evidence shows that the earliest 
forms of life appeared only a few hundred million years later, coinciding with the end of the 
heavy bombardment of asteroids... and marking the first boundary between an era of an 
inhospitable, sterile Earth and an era characterised by the beginnings of Life.

The appearance of life slowly changed the composition of the atmosphere, an event that was
captured in the types of rocks laid down at the time. Perhaps the most significant change 
occurred when these early single-celled organisms invented photosynthesis, slowly filling 
the atmosphere with its highly reactive by-product, oxygen... and slowly incorporating 
atmospheric carbon in their tiny bodies. The rocks of this early period clearly show evidence
of this increasing abundance of atmospheric oxygen... the iron in the rocks, for example, 
reacted readily with the oxygen, forming the rich red iron-oxide landscape so familiar to 
Australian outback travellers.

As you might imagine, the Earth went through several periods of catastrophe in its first three
billion years... each captured in its own way in the geological record...

There were even occasional periods of extensive meteorite bombardment as Earth passed 
through regions of space dense with rocks and ice.

Throughout much of this unimaginably long time there were periods when the 
microorganisms were in such quantity that thick layers of their dead bodies accumulated on 
the ocean floors squeezing out any oxygen, preventing them from fully decaying. As layers 
of mud and rock formed above them, the heat and pressure slowly converted their carbon-
rich bodies into hydrocarbons like oil and gas.
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There were at least two periods where all of this microscopic life almost became extinct as 
Earth cooled so much that it became entirely frozen... periods known as “Snowball Earth”. 
Each of these periods were ended as carbon dioxide from volcanoes slowly built up in the 
atmosphere, enhancing the heat-trapping greenhouse effect and eventually melting the ice.

As we mentioned earlier, the Pre-Cambrian era ended 542 million years ago.The era that 
followed was heralded by what we now refer to as the Cambrian Explosion. Prior to that 
time, most organisms were either single cells or, at best, loose colonies of single cells, little 
changed in basic form for well over two billion years.
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Then suddenly the fossil record reveals a world where the oceans literally teemed with an 
explosive diversity of multicellular organisms. Scientists now think that it was a gradual 
increase in oxygen levels in those oceans that appeared to have reached some critical 
threshold, enabling animals to become much more active... so active, in fact, that many 
found they could persue prey with such deadly efficiency that it started an evolutionary 
“arms race”, where Natural Selection continually favours the most cunning predators and 
the most elusive prey. This increase in selective pressures in turn triggered the dramatic 
increase in the diversity of forms we see in the fossils from the Cambrian Era.

By the way, if you have difficulty recognising any of the strange-looking Cambrian 
organisms depicted in this image, it is because almost all of them are long-extinct, victims 
of the complete indifference of Natural Selection in choosing who should live and who 
should die.
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The time following the Pre-Cambrian was divided into a number of Eras and Periods, only 
the first of which was the Cambrian. The boundaries between these time periods were often 
defined by dramatic changes to the climate, gigantic volcanic events or occasional collisions
with large asteroids, as depicted here. These were catastrophes that usually affected the 
entire globe... they were rarely just local events.

Many of these planet-wide changes were triggered by the slow movements of the continents 
as they rode on the ever-shifting tectonic plates beneath them. Such movements not only 
created mountain ranges that redirected airflows, but they created earthquakes and volcanic 
activity that dramatically changed the landscape, creating lakes and diverting rivers and 
altering the composition of the atmosphere. Importantly, these continental movements also 
disrupted the ocean currents, which have always been – and still are -  a vital mechanism for
evenly distributing the sun's heat energy around our tilted, rotating planet.
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Perhaps the most significant of these time periods, as far as our story is concerned, is the 
one called the Carboniferous. It lasted for around 60 million years, beginning around 360 
million years ago. As its name suggests, this was a time when vast forests of ancient ferns 
and trees covered much of the globe, to be slowly buried and eventually turned into coal. It 
was also a time where the percentage of atmospheric oxygen was nearly twice as high as it 
is today, fuelling the evolution of gigantic invertebrates, including dragonflies with 
wingspans of over 2 metres.
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The next Era (that's actually an Era with a capital E) was the Mesozoic. It began after what 
is often referred to as The Great Dying... an enormous extinction event that signalled the end
of the Permian, around 250 million years ago, in which up to 96 percent of all life on Earth 
died out. There are many hypotheses put forward to explain such a dramatic mass 
extinction, including a decrease in oceanic oxygen, or an increase in dissolved carbon 
dioxide leading to oceanic acidification, or a runaway greenhouse effect driven by an 
increase in methane released from the sea floor. Or it may have been triggered by a 
relentless increase in volcanic activity, and there is some indication of even one or more 
asteroid strikes. There is even some evidence suggesting massive coal and gas fires in 
Siberia blanketing the earth with toxic smoke. Or maybe the Great Dying was some 
unfortunate combination of all of these catastrophes! Regardless of the cause, the 
extinctions were so extreme that the fossil record indicates that it took well over 10 million 
years for life to recover to its pre-extinction levels of diversity.
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Perhaps the most recognisable subset of the Mesozoic Era, however, was the Jurassic 
Period. Of course we all know that the Jurassic Period was one dominated by reptiles - most 
specifically, the dinosaurs. Most of us also know that the Mesozoic Era ended literally with 
a bang around 65 million years ago... with a 10 kilometre asteroid slamming into the 
Yucatan Peninsula in Mexico, wiping out vast numbers of species all over the planet, 
including nearly all of the dinosaurs.

As had happened with all previous mass extinctions, a flourishing in the diversity of species 
followed. The collision which signalled the end of the Mesozoic Era also triggered just such 
an explosion of diversity, as Natural Selection chose wide varieties of plants and animals to 
fill the ecological niches left vacant by the sudden extinction of so many species. Two of 
these new types of animal were the birds and, fortunately for our story, the mammals. This 
rise in diversity marked the beginning of the Era in which we still “officially” find 
ourselves, called the Cenozoic.
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The 65 million years since the extinction of the dinosaurs has seen numerous periods of 
often dramatic climate change, including several planet-wide Ice Ages. While much of the 
oscillations in climate are linked to the path of the Earth around the Sun and the slight 
wobbles of the Earth on its axis, a significant amount can be linked to the expansion and 
contraction of forests. For example, around 23 million years ago conditions were perfect for 
vast forests to form, sucking CO2 from the air until its level was so low that the lack of 
trapped heat triggered one of the Ice Ages.
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It was around 6 million years ago that a species of medium-sized primate, living in the 
forests of Africa split into two evolutionary paths... one to eventually evolve into 
chimpanzees, the other to evolve into humans... and the planet has never been the same 
since.

So, there we have it... A very brief rundown of the Geological History of the Earth... with 
periods of time officially recognised as beginning or ending with some sort of significant 
geological or biological event... and usually with some sort of world-wide catastrophe...
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But before we move on to the role that humans have played in this grand drama, I would 
like to show you this image. This is a fairly detailed version of an Evolutionary Tree, with 
its roots near the bottom centre of the diagram, starting 3.5 billion years ago and its 
multitude of branches fanned out above. Even though only a tiny fraction of the billions of 
species that have ever lived are represented in this tree, there are certain observations to 
make:

Firstly, note the incredible increase in diversity from the earliest life forms to the present 
day.

You can clearly see the Cambrian Explosion, at 542mya, and

the five major mass extinctions, like the Great Dying, 250mya

and the one triggered by the asteroid collision 65 million years ago, followed by the 
increased diversity of birds and mammals.

You can also see the very recent appearance of humans, at the extreme tip of just one of 
the 9 million or so branches representing modern species.

I'd like now to examine the possibility that another dotted line, representing a sixth mass 
extinction, should be drawn at that point where humans appear. If we conclude that that 
should be the case and that this is truly the result of human activity, then we have a strong 
case for classifying this time as the beginning of a whole new era, and for calling it the 
Anthropocene.
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Around 200,000 years ago the first animal now classified as Homo sapiens evolved. Now, 
200,000 years might seem like an awfully long time, but it is a mere blink of the eye 
compared to the billions of years life has been on Earth. However, within those 200,000 
years, would it be possible to pick an actual time that might mark the beginnings of this new
Anthropocene era? Let's begin by examining the impacts of our ancestors before we look 
more closely at our current impact.

The population of these early humans was always very small. In fact, when the Lake Toba 
Supervolcano erupted in Indonesia some 75,000 years ago, smothering the whole planet in 
its toxic ash, the population of humans, as determined by genetic analysis, dwindled to a 
mere handful. Our species was perched on the precipice of extinction, and not for the first 
time.
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For much of our time in Africa we were just one of several species of human-like apes, 
some of which are depicted in this image. Most early hominids lived in small bands eking 
out a precarious existence, scattered around the forests and plains of Africa. Some of these 
relatives had even left the African continent, spreading, albeit in sparse numbers, across 
much of the Old World. Our own species also followed this route out of Africa, but not until
around 70,000 years ago.

During much of our time in Africa our impact on the planet was little more than that of the 
other apes... our numbers were low and our tools and weapons were relatively crude. But a 
fortuitous combination of upright stance, dextrous hands and a large brain complex enough 
to allow us to communicate effectively, gave our ancestors a slight evolutionary edge over 
the others. But that slight edge was all that Natural Selection needed. With this superior 
ability to communicate, our technologies improved exponentially, as each generation could 
learn from those that had gone before. So our tools and our weapons slowly became more 
effective. Better communication also allowed the size of our groups to increase... what were 
once barely more than family units became bands, then tribes.
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By the time our ancestors emerged from Africa and spread into Europe, Asia and Australia 
they were already having an impact on the world. For example, every other species of 
Hominid they encountered, both inside and outside Africa, like the Neanderthals or the 
Denisovans, soon became extinct. This was most likely a result of being outcompeted by the
larger numbers of the invading Homo sapiens, but there is little doubt that direct conflict 
also played a part. Today, of course, we are the only species of Hominid left, and we are 
unfortunately still doing our best to wipe out our closest genetic relatives – the Chimps, 
Apes and Orangutans -  in our unwitting attempt to be the only species of Great Ape left on 
the planet.

It is a mistake to believe that our ancient ancestors somehow lived “in harmony” with their 
environment and had little impact upon it. Even before the invention of agriculture humans 
were clearing large swathes of forest by a process described as “slash and burn”, with the 
intention of improving hunting and gathering opportunities.
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For example, we now know that humans arrived in Australia around 60,000 years ago and 
used fire very effectively to diminish the forests and expand the grasslands on which their 
preferred prey such as kangaroos, would graze. This relentless use of fire eventually 
changed the entire landscape of Australia... allowing open woodland to displace rainforests, 
and the more fire-adapted plants such as eucalypts to replace the once-prolific conifers to 
ultimately become the dominant tree species.
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When humans first arrived in Australia there were vast numbers of so-called mega-fauna. 
These were giant animals like the car-sized wombat Diprotodon and the crocodile-sized land
dwelling lizard, the Megalania. Very soon after the arrival of humans virtually all of the 
mega-fauna dissappeared. It is thought that an unfortunate combination of climate change, 
hunting pressure and habitat destruction brought about their extinction.

Page 23 of 66



In fact the same scenario played out as humans first moved into North America during the 
last Ice Age, some 13,000 years ago. Once again the mix of a changing climate and deadly 
efficient hunting most likely caused the extinction of nearly all of the large animals such as 
Wooly Mammoths, Mastadons, Giant Ground Sloths, Cave Bears and Sabre-toothed Lions.

The coming of humans to Europe witnessed similar environmental destruction. Whole 
forests were cleared to be replaced by grasslands. In Great Britain, for instance, shade-
tolerant species such as oak and ash were replaced by hazels, brambles, grasses and nettles, 
a change clearly seen in the fossil pollen record.
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But the greatest impacts of humans came with the invention of agriculture, some 10,000 
years ago. Agriculture, of course, enabled larger numbers of humans to have access to a 
more reliable food source. This enabled them to settle in villages and towns without having 
to move on, seeking prey or following wild herds. Of course now the clearing of land had a 
new incentive... to grow more crops or graze more livestock. And as the tools became more 
sophisticated and made of metal, the land clearing became more efficient. The European 
landscape in particular was transformed, with very few forested areas remaining.

As populations grew, so did the size of the towns... and very soon the first cities appeared, 
housing increasingly large numbers of people whose primary business was no longer the 
seeking or growing of food. Artisans, engineers, priests, rulers, soldiers, public servants, 
teachers... all now had more time to influence the world around them. The first civilisations 
were born, fuelled by agriculture.

History, however, teaches us that all civilisations seem to follow a similar pattern of growth,
flourishing, decline and collapse. And usually this has a lot to do with the way they 
impacted their environments. Let's have a look at a few examples...
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An iconic example of collapse is Easter Island. This small Pacific Island was first occupied 
by humans around 1,600 years ago. At first it was heavily forested and home to large 
numbers of birds. The numbers of humans grew steadily as forests were cleared for crops 
and for helping build and move the giant statues for which the island is now famous. 
Eventually there were no trees left. The birds stopped visiting. The topsoil washed away. 
The entire ecosystem of the island was destroyed. Warfare, famine and disease followed, 
unfortunately coinciding with the coming of slave-traders from elsewhere - and the once-
flourishing little island civilisation collapsed.
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One of the earliest civilisations to collapse was around 4,000 years ago when the Sumerians 
in southern Iraq cut down vast tracts of cedar forests for their timber and to clear the land for
agriculture. Removing the deep-rooted trees ultimately increased salt levels in the soil and 
caused the unprotected soil to blow away, being replaced with sand. The Sumerians 
eventually had no choice but to move on, their civilisation having collapsed.
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The same sad story was repeated by the Mayans in Central America... The Mayan 
population grew dramatically, fuelled by a system of slash and burn agriculture that 
eventually destroyed the once-lush forests, exhausted the soils and caused the biological 
diversity of the tropical jungles to dwindle. The only remnants of this once proud 
civilisation are long-ago-abandoned stone structures like this.
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Similarly, it was deforestation that led to the demise of the Minoan civilisation in ancient 
Crete. Archaeological evidence suggests that the major period of deforestation occurred as 
the Minoan's influence as a sea power was increasing... suggesting that the forests were 
probably sacrificed to build their ships... Later, this was to be a similar story for the 
Venetians and, even later, the English.

The list of civilisations bringing about their own demise through environmental 
mismanagement is long... and the lessons from these past collapses seem often to remain 
unheeded even today. Desertification, soil erosion, overhunting, overfishing, unchecked 
land clearing and, worst of all, unregulated population growth can still be seen. Humans 
often behave as if the rules of Nature don't apply to them... but just as the Minoans, the 
Mayans, the Sumerians and the Easter Islanders before us learnt, no civilisation can survive 
if it denies its Biology and ignores its effect the environment.
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Before we move on I want to show you this graph. It is a graph of atmospheric temperature 
over the last 100,000 years, calculated from ice-core data taken from Greenland. It clearly 
shows the colder temperatures associated with the to-ing and fro-ing of the ice sheets during
the past several Ice Ages. You can also see the unusual period of relatively high, stable 
temperatures since the last Ice Age ended, a little over 10,000 years ago. This period is 
associated with higher CO2 levels, higher sea levels and greater plant growth. It has been in 
this 10,000 year period that agriculture developed, that great civilisations rose and fell and 
that human population began to expand. Due to a quirk in the passage of the Earth around 
the sun we can predict that this relatively warm, stable climate should persist for another 
20,000 years or so – that is if we don't interfere with it!
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So, the advent of agriculture and the rise of civilisations most definitely had a considerable 
impact on the planet... most especially as a result of hunting and deforestation. But is that 
impact sufficient to cause such a change in the Geological Record that it warrants a new 
Anthropocene era?

Perhaps not. Few, if any, of those impacts were felt globally. Civilisations rose and fell in 
regional areas, impacting their immediate surrounds but hardly influencing the other side of 
the world. And while evidence of these impacts can be found in the rocks... in the form of 
tools and artifacts and changes in the distribution and abundance of fossils, it would be 
difficult to argue that these represented a real change in the world-wide Geological strata.

Perhaps, then, we need to look at the next major turning point in the human story, the 
Industrial Revolution. Will it have brought about sufficient changes to warrant the 
Anthropocene title?
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The Industrial Revolution refers to the century or so after the 1760's where machines 
powered by water or steam replaced the human and animal driven labour of the past. New 
manufacturing processes, new chemical discoveries, the development of factories and the 
migration of people to crowded cities all characterised this period. And, eventually, nearly 
all of this activity came to be fuelled by coal and oil... unlocking the energy from the sun 
that had been trapped in the carbon-rich bodies of those untold trillions of dead plants and 
microorganisms buried over hundreds of millions of years.

The environmental impact of this dramatic turning point in human history soon became 
clear. Have a look at this graph...
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This shows a number of different measures associated with environmental impact. The 
bright red line, for example, shows Global Human Population which, in 1750, was 
considerably less than one billion and is now well over 7.5 billion. The dark red line shows 
the growth in GDP, a measure of economic growth... and you could argue that rarely is 
economic growth without an environmental cost. The green line shows loss of rainforests 
and woodlands, accelerated as cities expanded and railways opened up land for mining, 
agriculture or urban development.

But note the steadily increasing rise of the blue line which shows the concentration of 
Carbon Dioxide in the atmosphere. In 1760 Carbon Dioxide was around 280 parts per 
million (ppm). It is now over 400 ppm. Of course, burning coal, oil and gas not only 
releases the long-stored chemical energy contained in their hydrocarbon molecules, it also 
releases the by-products of combustion... most notably Carbon Dioxide and water. 
Throughout the Industrial Revolution, little thought was given to the consequences of 
burning so much fossil fuel... except for the visible contaminants that created the unhealthy 
pea-souper fogs of industrialised London.
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Even when, as far back as 1896, the Swedish scientist Svante Arrhenius and several other 
scientists warned of the future global warming effect of pumping too much Carbon Dioxide 
into the atmosphere, they were widely ignored by many who argued that progress shouldn't 
be curtailed just because of a few inconvenient calculations! This newspaper extract from 
1912 clearly indicates the concern of scientists who understood the long term warming 
effects of increasing CO2.

Look back at the previous graph...

The orange line shows the average surface temperature in the Northern Hemisphere. 
Following a slight dip in temperature – caused mainly by a rise in atmospheric pollution – 
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the temperature has since been rising steadily... closely correlating with the increase in 
Carbon Dioxide. The gas whose rise and fall over billions of years has influenced dramatic 
shifts in past climate was now on an unprecedented rapid rise. Surely this will, along with 
those other impacts, have a significant environmental impact?

Well, yes, it undoubtedly already has... and it most certainly will. But has the impact been 
great enough to identify 1760 as the start of our new Geological Era? Perhaps. Clearly that 
was a time when the wheels of the Industrial Revolution literally began to turn. That was the
time that set humanity on the path of increasing mechanisation, fuelled by releasing the pent
up energy in rocks that had been safely buried for hundreds of millions of years. And many 
of the impacts from 1760 on were truly global in their effects... water and air pollution, for 
example, don't recognise state boundaries, and rich, industrialised countries gave little 
thought to destroying ecosystems on the other side of the world to support their growing 
affluence! So yes, perhaps there is an argument for the Anthropocene beginning with the 
Industrial Revolution.

Let's have another look at that graph...
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Note how many of the measures of environmental impact appear to dramatically curve 
upwards after around 1950. Why do we think that is? In 1950 the world was recovering 
from the largest global conflict in history, World War Two. After that war in many ways the
world became a smaller place... old regional institutions were broken down – particularly 
economic and social institutions – and an increase in global activity led to a massive 
increase in connectivity. Global networking and information flows suddenly replaced the 
old ways of viewing the world as isolated city-states. These post-war changes led to what 
has been described as the Great Acceleration... where numerous measures of human impact 
suddenly reached their exponential growth phase, with their graphs zooming skywards.
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Here is an array of several graphs showing a range of socio-economic measures which 
together clearly illustrate this great acceleration. Look, for example, at the three graphs on 
the bottom row... which show the growth in motor cars, in telephones and in International 
Tourism. Very little of each of these measures even existed much before 1950. Have a look 
at the first graph on the line above, which shows the rate of river damming... more than two 
thirds of all rivers in the world are now dammed or otherwise diverted. Or look at the last 
graph on the second line showing the dramatic increase in fertiliser use, to counter the 
decline in soil fertility, itself often the result of indiscriminate land clearing.

So we've seen a massive change in the ways we organise ourselves, in the ways we live and 
the ways we use the earth's resources. So we could suggest that the beginning of the 
Anthropocene was probably around 1760 when we started using fossil fuels as our primary 
energy source, but I would argue that at least stage 2 of the Anthropocene appears to have 
started around 1950 when we reorganised ourselves – when our population exploded, our 
economies exploded and our use of resources exploded. And, as an almost inevitable 
consequence of all this, our natural environment suffered.

But if this really is the beginning of a new geological era, we have to be able to show that 
these impacts are significant from the point of view of planet Earth. Sadly, this is not too 
hard to show. Have a look at this array of graphs...
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At the top you see graphs of the global concentration of the three notorious greenhouse 
gases, Carbon Dioxide, Nitrous Oxide and  Methane. All show an alarming accelerated 
upward trend, especially since 1950. In the middle of the next row you can see the increase 
in ocean surface temperature and next to it, the very worrying increase in the acidity of the 
oceans. Both of these measures are directly linked with the rise in atmospheric Carbon 
Dioxide. But look at the next row... where the first two graphs show the massive changes 
occurring in our oceanic life and the third shows the increased pollution from nitrogen-rich 
fertilisers. Together these graphs paint an ugly picture of what we are currently doing to our 
besieged oceans... overfishing and chemical pollution being the two main culprits.

The last row of graphs gives us an overview of our direct effects on the other animals and 
plants with whom we share the land... Tropical forests are being lost at an enormous rate of 
around 2% every year, much of which is being taken over as farmland. The vast areas of 
jungle in Borneo set ablaze every year to make way for palm oil plantations are emblematic 
of this irreversible destruction. The last graph shows a measure of Terrestrial Biosphere 
degradation... basically measuring the loss of biodiversity...
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If we were to weigh all of the terrestrial animals on the planet alive today, the vast bulk of 
this “biomass” would consist of humans and their domesticated animals. It has been 
estimated that wild animals which, 10,000 years ago made up over 99% of the terrestrial 
biomass, today make up somewhat less than 4%. And the rate of species extinction is now 
estimated to be 100 to 1,000 times greater than it was before the Agricultural Revolution, 
indicating not only a loss in the numbers of animals but a considerable decline in their 
species diversity.

All of these figures paint a pretty depressing picture of the impact we are having on the 
planet, but for this impact to be considered great enough to be acceptable to hard-nosed 
Geologists, the changes would have to not only be be visible in the layers of rock being laid 
down today, but be so obvious to anyone digging through the earth millions of years from 
now that there would be no doubt that they are looking at the beginning of a new geological 
era. So let's now look at five impacts that directly effect the constitution of present-day rock 
formation.
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The first of these “geological” impacts is nuclear weapons. You might find it hard to 
believe, like I did, but in the last 70 years we have exploded more than 2,000 nuclear 
bombs... some under ground, some under water and some in the atmosphere. Every time a 
nuclear weapon is exploded it spreads radionuclides through the atmosphere. These are 
radioactive isotopes of elements unlike those normally found in Nature, such as Plutonium 
239. They eventually settle out of the atmosphere, leaving a fine dusting over the surface of 
the Earth. A clear sign of human activity!
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The next geological impact is fossil fuels. As we've already suggested, the emissions from 
burning coal, oil and gas are having a significant impact on our environment through 
trapping the sun's heat in our atmosphere, changing our climate, warming and acidifying the
oceans, and raising the sea levels. But what interests Geologists, though, are the ways in 
which burning these fuels results in a decrease in the concentrations of certain Carbon 
isotopes, like Carbon 13. These changes will be detectable to future Geologists as differing 
isotope ratios in gases trapped in Antarctic ice-cores, or in the trees, bones and shells 
currently being buried and turned into fossils.

It is worth noting, by the way, that both nuclear testing and fossil fuel burning have played 
havoc with the ratios of Carbon isotopes in the atmosphere. You might remember from one 
of my earlier talks that it is the changes in the ratios of certain isotopes of Carbon that are 
used in radiocarbon dating. This means that this radiocarbon dating technique won't be able 
to be relied upon by future geologists when determining dates beyond 1950!
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The production of new, man-made materials has also made an impact on the environment 
and on the geological record, so they present a compelling argument for the Anthropocene 
being declared. Pure aluminium, for example, doesn't exist in Nature but only exists as a 
product of humans. We have already produced over 500 million tonnes of the stuff and it 
can be found sprinkled all over the world, wherever forks, knives, plates, aeroplanes and 
aluminium foil are used.
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An even bigger impact is concrete. In the past 20 years alone we have made about 25 billion
tonnes of concrete, and throughout human history we have probably produced enough to 
pave over every square metre of Earth's surface.
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And of course plastics aren't going anywhere fast... they are so persistent that they will hang 
around for thousands of years. We currently make about 500 million tonnes of plastic every 
year, with much of it ending up in our waterways and oceans. In fact, Sea Shepherd has 
estimated that the amount of plastics in our oceans will shortly exceed the biomass of all 
fish. But to a future Geologist any sedimentary rock containing plastic will be a sure sign 
that they are looking at a rock from the Anthropocene.
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In addition to all of these chemical traces we're leaving behind, we are also just physically 
changing a huge amount of the surface of the planet. Between deforestation, mining, 
farming, dam-building and modifying coastlines, we have already transformed more than 
half of the Earth's land area. All of these things effect how, where and what gets laid down 
to form new layers of sediment. And over thousands of years those layers of sediment will 
be transformed into sedimentary rock.
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The fifth and last major factor making the case for the Anthropocene is, as you might have 
expected, mass extinction. As we saw earlier, the Earth has seen at least five massive die-
offs where the environment has changed so rapidly... and usually catastrophically... that 
Natural Selection was just unable to keep up. So species that couldn't adapt fast enough 
simply died out. In the times between these extinction events we have been able to calculate 
a normal, “background” extinction rate of about one species disappearing per year. At 
present it looks like the extinction rate is 100 to 1,000 times this rate... and most of this, of 
course, is the result of human activity. Hunting, fishing, habitat destruction, pollution, 
climate change and simply relocating species are all ways in which humans have accelerated
this rate of species extinction.

Since the 1950's, for example, Vertebrates have seen a 25% decline in their numbers while 
Invertebrates have seen a massive 45% decline. While these declines may not seem as 
severe as, say, the 96% decline seen in the Great Dying at the end of the Permian, it is still 
sadly significant... and this time it is all because of the actions of a single species – us.
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The World Wildlife Fund recently released a report that says that wildlife across the globe is
disappearing at a rate of 2% per year... and that more than two thirds of the world's wildlife 
may be gone forever by the year 2020! Furthermore, they tell us that it is the wetlands, lakes
and rivers that have been hardest hit... together they have seen an 81% decrease in their 
species population since 1970... and that's well within the lifetimes of everyone in this 
room!

In that same World Wildlife Fund report they had no difficulty identifying this current 
period as the sixth Mass Extinction event in the history of Planet Earth. This makes it on par
with the destruction caused by a huge meteorite colliding with the Earth, or the planet being 
completely buried beneath kilometres of ice or smothered in the toxic fumes from countless 
volcanoes erupting world-wide. There is little doubt that humans are the latest catastrophe to
befall planet Earth.
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And don't think that all of this extinction is somehow only happening “elsewhere”... in 
Africa, in Asia or the Amazon basin. Australia is, unfortunately, a major contributor to this 
sorry scorecard... Australia currently has the worst mammal extinction rate in the world. 
Globally, one third of all mammal extinctions in the last 400 years have occurred in 
Australia. Our losses of amphibian and bird species are equally shameful. Most of these 
losses are due to introduced feral animals or due to habitat loss through land clearing for 
farming and urban development.
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And I'm afraid the story gets even more gloomy... many animal and plant species don't yet 
appear on the official lists of extinct species but are classified as “functionally extinct”. This
means their range has become so limited and their population so small that, if left to their 
own devices, they would be unable to breed their way out of an inevitable population 
decline. Sadly, even Australia's iconic Koala has already been declared “functionally 
extinct” in Queensland, and “endangered” in many other parts of the continent.
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And our coasts and oceans are suffering, too. More than half of our Great Barrier Reef is 
now officially dead... the victim of too-frequent bleaching events caused by increased water 
temperatures and increased oceanic acidity... and exacerbated by increased fertiliser and 
sediment runoff caused by improperly regulated land clearing and land use in the catchment 
area. And I don't even like to think what will happen to our beloved Reef once the 
government-sponsored Adani coalmine gets up and running in Queensland, with dredging 
and shipping traffic stressing the Reef even more.

And, like all those extinction events that have gone before, this Anthropocene mass-
extinction would be enshrined in the Earth's rock layers, as many species disappear from the
fossil record while the bones of humans and their domestic animals and plants begin to 
dominate.

So, there we have five areas of human impact that will undoubtedly leave their mark on the 
geological record... Nuclear weapons, Fossil fuels, Man-made materials, Landscape 
modification and Mass extinction. I don't think there is any doubt that a future geologist 
examining the rocks laid down today would not be able to discern a clear change in the 
global environment... and detect changes so radical that a whole new goelogical era would 
seem totally appropriate. Yes, there is little doubt that we have left that era of environmental
stability that marked the Holocene and have already entered a new far less stable era, the 
Anthropocene.
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In fact, a working group of geologists has already put a submission to the prestigious 
Geological Society of London laying out the case I've briefly presented here... and I 
wouldn't be at all surprised if in the next few years an announcement will be made where the
Anthropocene will be officially recognised for the momentous era it obviously is.

Interestingly, though, Climate Change isn't the strongest argument in their submission. Their
strongest argument is, in fact, the dramatic loss of global biodiversity. This is because most 
of the changes from one era to another in Earth's history are marked by sharp changes in the 
fossil record and, given that one of the predictions of a warming planet is that the rate of 
extinction could increase ten-fold over the next century, the loss of biodiversity as seen in 
the fossil record of the future will certainly be the most obvious – and saddest - marker of a 
new era.
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So, we have talked of the relatively minor human impacts prior to the Agricultural 
Revolution, and the rise and fall of regional civilisations that resulted from their lack of 
understanding or respect for their natural environment. We then explored the increasingly 
destructive human impacts since the Industrial Revolution, and noted with some alarm how 
those impacts have accelerated dramatically since 1950.

Let's now try to predict what our environmental future may be like. Basically we find 
ourselves faced with two extreme scenarios, and a broad spectrum of possible futures that 
lie between them.
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At one end of the spectrum we have a world where we merely maintain the environmentally 
destructive trajectory we are already on. This is the “business as usual” world where the 
predominant measure of worth is money. It is one which will inevitably lead to an 
overcrowded, warming, degraded, polluted planet with very little wildlife or natural 
landscapes left. Where the oceans are full of plastic and jellyfish, but little else. Where there
is hardly a square metre of the planet that hasn't been influenced by humans. And as the 
finite resources run out, warfare and misery result as we fight for the ever-diminishing 
scraps. I call this the “Mad Max” scenario.
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At the other end of the spectrum of possible futures, we could actually learn from all those 
civilisations that have brought about their own collapse... and recognise what needs to be 
done to prevent the biggest collapse of all. As Alan Kay said in the 1980's, “the best way to 
predict the future is to invent it”. I call this the Utopian scenario... where we decisively 
reduce our environmental footprint, get our energy from renewable resources, limit our 
population growth and curb our materialist habits. Where we finally realise that you can't eat
money. Where we truly come to understand that it is impossible to have infinite growth on a
finite planet. Where we protect the natural habitats of wild animals and plants, and pay the 
real environmental cost for manufacturing... including the costs of recycling and of any 
environmental impact. This is a world where we not only live well, but live well within our 
means, not plundering resources that we cannot replace. A world of clean water and air, of  
abundant oceans and verdant forests. Where we recognise that all other animals and plants 
actually have rights and where humans finally realise that they are not above the natural 
world, but are an integral part of it.
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I am pretty sure that nearly everyone, if given the choice, would choose a world closer to 
Utopia than to Mad Max. I certainly would, and I guess most of you would too. Well, the 
good news is that the people alive today are in a position to make that choice... a choice to 
invent that future. But we all need to act. And we need to act now. We cannot just sit back, 
fold our arms and let “business as usual” lead us unwittingly towards a future that we 
wouldn't want to live in. None of the decisions we need to make will be easy and we are 
rapidly running out of time in which to make them, but at least we know that we are the 
ones who have to decide. It will probably be far too late if we leave it to our grandchildren.
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So this raises the question of what we need to actually do in order to shape an 
environmentally sustainable, “Utopian” future, with the future of the world clearly in our 
hands.

Now, it is easy to feel overwhelmed by what needs to be done but, like many complex 
issues, I find it helps to break down a problem into its component bits and see where we 
stand with each of the components. This helps to prioritise the issues, enabling us to 
concentrate on which to tackle first.
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Fortunately some work on this task has already been done by a group of scientists led by 
Will Steffen from the Australian National University. Firstly, his group has identified the 
components that need to be addressed in deciding our environmental future. Secondly, for 
each component they defined what they called “Planetary Boundaries”. Crossing these 
boundaries raises the risk of destabilising the complex interactions of life and the 
environment. Thirdly, they measured where we currently sit with respect to these Planetary 
Boundaries.
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They use this diagram to summarise this process. Let me just explain a little about what 
you're looking at here... Around the rim of this circle are the nine components they 
identified as important when measuring our impact on the environment... Beginning at the 
top and going clockwise we have Climate change, Novel entities (that is, man-made 
pollutants), Ozone depletion, Atmospheric aerosols (that's air pollution), Ocean 
acidification, Biochemical flows, Freshwater use, Land-system change and Biosphere 
integrity. They chose these particular categories by looking back at the Earth's geological 
record and identifying the factors that, when pushed beyond certain limits, often triggered 
dramatic changes in the planetary environment.

The series of concentric circles on this diagram represent degrees of risk to the 
environment... with the inner green portion marking the region of Low Risk, the middle 
yellow portion marking the region of High Risk, and the outermost red portion marking the 
region of Extreme Risk. The coloured triangular segments radiating from the centre show 
how far up to or beyond these boundaries each of these environmental components has 
already gone.

You can see at a glance that we have already exceeded the Safe boundaries for several of the
components... including Climate Change – as measured by the amount of CO2 in the 
atmosphere - and Land-system change – measured by the rate of deforestation. And we have
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moved well into the Extreme Risk area for Genetic Diversity – which is measured by the 
rate of species extinctions - and for Biochemical Flows – which is basically fertilizer 
pollution.

Now some of the other factors on this chart are fortunately still in their low risk states or 
their boundaries are yet to be determined... but all of the measures are inexorably creeping 
upwards. However, research such as this can assist with setting priorities and focussing our 
efforts... and it is analyses like these that should be heavily informing government policy 
and corporate directions.

This research is still in its early stages, and we are still debating about where to draw the 
boundaries for some of the components. But it is important to draw those boundaries, 
because they will determine what defines the more stable Holocene environment... and 
where straying beyond a boundary takes us deeper into the uncertain future of the 
Anthropocene.

Now, if I were a member of Will Steffen's group I would have argued for the inclusion of 
one other component for which boundaries definitely need to be drawn. That component is 
population...
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This graph shows how dramatically the global population of humans has risen since our 
ancestors first appeared in Africa. It is a sobering fact that when most people in this room 
were born the World's population was around one quarter of its current number. Clearly this 
exponential growth cannot continue indefinitely. There has to be a point – a boundary – 
where the planet can no longer sustain such numbers of humans. Many would argue that we 
have already surpassed that boundary... and are already well-and-truly inside the High Risk 
zone. Some argue that the planet can really only sustain about two billion people, certainly 
not the current 7.5 billion. However, talking population control is so fraught with political 
and ethical considerations that even quite radical environmental groups like Greenpeace are 
afraid to even mention it. Personally I think that is a dangerous position to take and it is well
past time that we need to recognise the huge elephant in the room that is global 
overpopulation.

So, once all these planetary boundaries are defined, our aim should be to contain all human 
activity within those safe zones...
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Now, we readily accept boundaries in our everday life – don't go too close to the edge of 
that cliff, don't cross that double line, don't eat too much sugar, don't wash your car during 
drought, etc. We should be willing to accept Planetary Boundaries to define natural limits to
our more environmentally destructive activities. Knowing where the boundaries are gives us
a safe operating space within which humanity can manouvre... within which we can talk 
about equity issues or economic growth or social issues or political systems.. but we have to 
recognise that we are a biological species that lives on a finite planet and we need to respect 
the boundaries that the planet itself sets intrinsically for us.

So, we have clearly already moved into the Anthropocene. Whether we should stay there is 
a decision we should all be concerned about as part of a global community, because I think 
in the end, the risks associated with the Anthropocene will really push us past some of the 
limits. And like those early civilisations, there is no guarantee that any civilisation will last 
forever. The Romans are no longer around, nor are the Mayans or the Sumerians... and we 
may not be either unless we start thinking globally as well as acting locally.

So just what sorts of     actions   could and should we be doing to increase the probability of a 
Utopian future and decrease the probability of a Mad Max future?

Here are ten suggestions of mine, but I have little doubt that you can think of many more...

1. First and foremost, we need to control the human population. No other animal in the 
history of the planet has ever continued to grow its population without it reaching a point 
where it crashes. We know that this crash-point lies in our not-too-distant future... and if we 
leave it up to famine or disease or war to bring about the inevitable crash, it certainly won't 
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be pretty. Surely it is better to set the limits now and control our population levels 
ourselves... with a population size determined by the biological carrying capacity of the land
and the oceans, not by political ideology or by Capitalism's unsustainable desire for more 
and more consumers.

2. We need to set aside diverse areas of land and water where other species are protected 
and can thrive. National Parks and Marine Reserves are a good start, but there should be 
many more of them with their location and size determined by research, not by politics, so 
the most appropriate habitats can be saved. There is an environmental movement currently 
gathering momentum that proposes the setting aside of half the planet for all of the other 
species. Personally, I think that this would be fair enough but is probably too late. I would 
also suggest that other living things should be recognised as having rights, protected by 
universal law, just as we have with humans. 

3. We need to reform our farming techniques which currently limit genetic diversity and 
rely too much on artificial fertilisers. Agriculture currently accounts for over a quarter of 
global carbon emissions. Definitely no more wilderness should be cleared for farming or for
urban growth. In fact we should be reclaiming and replanting previously cleared areas 
wherever possible.

4. The role of carbon dioxide in warming the planet is indisputable. We need to leave as 
much fossil fuel as possible in the ground or, if we must pump it into the atmosphere as 
CO2, then at least develop technologies that can effectively recapture it and bury it in huge 
quantities, bringing it back below that safe level of 350ppm.

5. To replace our unhealthy reliance on fossil fuels we need to develop alternative 
technologies that use renewable resources to generate power. Wind, solar, hydro, waves, 
tides, hot rocks, hydrogen and perhaps even nuclear are all technologies that would have a 
much less damaging environmental impact than burning coal, gas or oil.

6. We need to work on ridding our waterways and oceans of plastic. Perhaps a genetically 
modified plastic-eating bacterium or an array of gigantic scoops could be used. And any 
plastic produced from now on should be biodegradeable.

7. We should recognise that there is no such thing as throwing something “away”... and we 
should measure the true cost of production by including the cost of recycling or the cost of 
preventing adverse impacts on the environment. This should include anything that pollutes 
our air or water.

8. We should decrease our reliance on methane-belching, resource consuming farm 
animals... and the best way to do that, apart from decreasing our population, is to decrease 
the amount of meat we consume. It takes 20 times more land to produce one kilogram of 
beef than one kilogram of beans. It can be argued that the biggest thing an individual can do 
to help the planet is choosing to be child-free. It can also be argued that the next best thing 
you can do is to become partly or totally vegetarian. 
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9. We need to immediately stop, or at least seriously regulate, all hunting of wild animals 
and all unsustainable fishing. The world's oceans are now so overfished that it is estimated 
that almost all fish stocks currently being commercially fished will be completely   gone   by 
2040.

10. Lastly, we should recognise that all of Earth's natural resources are finite, and that we 
need to leave enough for all of the other species and for all future generations of humans. 
Tim Flannery called our Anthropocene generation the “Future Eaters”, suggesting that we 
are supporting our current environmentally wasteful lifestyles by gobbling up resources that 
will eventually run out, leaving our descendants to struggle on without them.
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But I think the fabulous environmentalist Jane Goodall put it best when she said that...

“We haven't inherited this planet from our parents, instead we have borrowed it from our 
children”. But since we can never really return it to them, it could be argued that we have 
really stolen it from our children, not just borrowed it.

It is difficult to overstress the urgency required for some of these actions. What we decide to
do now will affect the type of planet we leave for our decendants. Do we really want our 
great-grandchildren to look back at our generation and ponder “What on earth were they 
thinking, leaving us with this awful mess to clean up?” For the sake of the planet we do 
need to get these decisions right!

So, on that thought I'll end my presentation. I am guessing that you'll have lots of questions 
about much of this. Perhaps you disagree with some of my arguments or my assumptions. 
Or perhaps you'll have suggestions of other actions that we can take to help us cope with the
challenges of Living in the Anthropocene.
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