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PREFACE AND OVERVIEW

We shall not cease from exploration

And the end of all our exploring

Will be to arrive where we started

And know the place for the first time.
TS Eliot

Myself when young did eagerly frequent
Doctor and Saint, and heard great Argument
About it and about: but evermore
Came out by the same Door as in | went.
Omar the Tentmaker

This book has its origins in a handful of questiand perceptions which has been
niggling me since the publication in 2003@éep Futures my attempt to equip myself
with an evidence-informed set of beliefs---workimgpotheses---about humanity’s
prospects for surviving, and surviving well, thrbutpe centuries and millennia ahead.

Writing Deep Futuresheered me up no end. While present knowledgderans our
species to eventual extinction in one way or anpth®ncluded that we could well have
a long Indian summer before us, provided that wepKkearning, stay lucky and don't
turn what is promising to be a particularly difficaentury into a full-blown catastrophe.

| was seeing the 21st century as one where thdgebthe world might, through hard
work, shrink the overarching problems of war, ptyenjustice, environmental
degradation and sociopathy; or, more positivelgeprup on the goals of peace, material
wellbeing, social justice, environmental protectéord sociality (goodwill). The
challenge, as | saw it then, could be expresseégrims of how to most effectively
improve quality of life for most people. Howev#re perspective | have come to hold as
| write the present book is, not quite that humarstfighting for survival, but, plausibly,
we are threatened with a large and rapid drop irlify of life (e.g. fear and hunger)
across the world; and that humanity’s primary téskthe foreseeable future should be
cast in terms of defending the status quo, notawvipg on it.More colloquially, our
challenge is one of sandbagging the levees, ngating the desert.

1 From his Little Gidding (Number Four of the ‘Four Quartets.’)
http://www.tristan.icom43.net/quartets/gidding.hifAkcessed 19 Jan 2011)

2 Edward FitzGerald, Rubaiyat of Omar Khayyam, 1859,
http://ebooks.adelaide.edu.au/o/omar_khayyam/o$4ecessed 19 Jan 2011)

3 Cocks, D., 2003, Deep Futures: Our Prospects for Survival, University of New South Wales
Press and McGill University Press, Sydney




There is nothing particularly novel about my updaterspective; perhaps | am just
catching up. The world is awash with premonitidmat global society is on the brink of
being massively disrupted by global-scale proceasssciated with, for example, global
warming and the depletion of fossil fuel depositéere is probably general agreement
on the need for international cooperation to addsesh global-scale problems, and a
recognition that achieving such cooperation is gbadifficult. Working from within this
mainstream world view---call Interventionism-there are thousands of policy analysts
and scientists, mostly from first world countridecumenting and modelling global
change---economic, social and environmental---aekbping social and material
technologies for responding to the threats and dppibies it presents.

My own response to global-scale problems is somediffarent. As when writindeep
Futures,my humanistic (humanitarian) starting point is ahvio contribute to the
achievement of high quality of life for most peapte the indefinite futurethe goal | call
quality survival. But | do not want to write yet another treatisenom to set up a carbon
trading scheme or recycle water or, indeed, ang&sy the mechanics of tackling the
world’'s many problems; | want to produce a phildspm way of looking at things, not a
recipe book. My plan is to understand what is lesopg, not to suggest solutions.

My starting point is to build up an historical gpiek-historical understanding of how
humanity and the human ecosystem came to be asate¢Zhapters 1-4) and, from
there, in Chapter 5, explore how people of diffetemperaments might respond to a
suggestion, a diagnosis rather than an assert@ratylobal-scal®vershoot Crisihias
already begun. A system isénsis when it is moving quickly towards a highly
uncertain future. It is iovershootwhen one or more processes of cumulative change
appear to be approaching limits (sometimes caipgairtg points) where a major
reorganisation could well be triggered. My scemaf anOvershoot Crisisests on the
perception that the converging effects of four reatous human-made trends---towards
overpopulation, global overheating, overextracfoiresources) and over-
connectedne$detween nodes of activity, e.g. an increasingigristependent world
economy---will, unless actively averted, impactyaasively on quality of life via
destructuring processes such as deurbanisationdabed cities), deindustrialisation
(shattered economies), depopulation (megadeaiind jeglobalisation(e.g. currency
wipe-outs, declining trade, declining internatiosia). That is, an Overshoot Crisis could
turn into anOvershoot Catastrophe.

In addition to the conventional wisdom of Interventsm in some form or other, Chapter
5 discusses tough-mind&sinpiricismand tender-mindeReconstructionismas other
legitimate ways of responding to the diagnosisroO&ershoot Crisis. Empiricists have a
‘wait-and-see’ perspective while Reconstructionisise, metaphorically, a ‘Noah’s Ark’
perspective. More directlfgeconstructionisns the belief that it is already too late to
stop a massive disorganisation and simplificatibthe human ecosystem. As of now,
we are committed to passing through a dystopiddratk and the Reconstructionist
suggestion is that we should be concentrating enwe might best help our great-
grandchildren (or beyond?) regain some qualityfefds they emerge on the other side
where, if they are lucky, they will toil their dagsvay in agricultural villages. Because

4 Connectivity is the ability of one element in a network to influence another.



Reconstructionism is all too easily labelled asedéét and sanctimoniously dismissed, |
have felt it useful to explore the puzzles it theoup. As for the Empiricists’ perspective,
it suffers from being too easily hijacked by vesia#rests wanting to use caution as an
excuse for inaction.

Assuming that a global-scale Overshoot Crisisde@ud coming into view, how realistic
is it to believe, as many mainstream Interventitsni®, that global society can and will,
rationally and comprehensively, intervene to fakst large and rapid drop, a plunge, in
quality of life across the world? My answer isitguunrealistic.” All that can be hoped
for is a collation of uncoordinated interventionsvarious protagonists---from
international organisations to individuals---eachiray within their own sphere of
influence to ‘fix’ some facet of the total probleticaas they see it.

There are two elephantine reasons why the Intelom@st perspective has to be judged
naive, both so fundamentally at odds with the wayplem-solving is conceptualised in
‘enlightened’ societies that neither can be reaadgnitted to the public consciousness.
First, in no sense is there a collective ‘We,’ adiaround achieving or defending quality
survival as a primary task. Next, even if thereay¢ghe Overshoot Crisis has been
generated from within the human ecosystem, thisgo@hat scientists call@mplex
dynamic systemThat label means, first, that the speed, sizedamation of the
Overshoot Crisis cannot be predicted and, sectiat humanity’s knowledge of how
such systems work is insufficient to allow thenb&confidently steered in some
preferred direction, such as defending global gualilife. | will return to these two
difficulties presently.

Chapter 5 concludes that while humans will surtheair self-made Overshoot Crisis, it
won'’t be because of any remarkable capacity totadampajor challenges in ways that
protect quality of life. It will be because thei€ls wasn't as bad as some thought it
might have been; that is, the species had not le=dly tested. Or, it will be that while
the Crisis was highly destructive of quality oklifor most, it spat out a post-bottleneck
population which, scattered and much-reduced,etbsufficient social and material
technologies to begin rebuilding stable sedentaciesies and improving quality of life
once again.

This conclusion will be unwelcome to many peopbatipularly those with an
exaggerated view of humanity’s ability to knowgizals and to manage itself and the
world to achieve them. It has not been done dedileéy, but we need to acknowledge
that humanity has brought a crisis on itself, omécW it is not yet ready to deal with. We
are confronted with a knot of spillover problemsadiype which we have not yet learned
how to avoid, much less solve. This is despitefdlsethat our material and mental
capabilities have increased sharply in the lagtethihousand years. While every
generation has its world view(s), recent generatltave acquired a dramatically
improved understanding---plausible, coherent, aatdnalistic---of most (?) of the
world’s physical, biological, social and psycholoajiprocesses. Each year we know a
litle more. Strange as it sounds, it is an enarsnachievement of consciousness to
recognise that, as a species, we face great prebidmch are of our own making and
which, for the moment, we are unable to solve.

It is not judgmental to recognise that, metaphdisicél. sapiends an adolescent species
whose emotional development has been slower thagnitive development, e.g. not



yet having learned to empathise and collaborate @thers, and being, on occasions,
thoughtlessly cruel or abusive; impulsive; stildufy bewitched by material technology;
unconcerned about the species’ life expectancgyen with planning life a few
generations into the future. Indeed, likeninglifeestory of the human species to the life
of a human individual is a rich enough metaphorgléegory perhaps) to not only suggest
ways of understanding where we have arrived, aat alternative directions we might
take in search of enhanced quality of life. Faaraple, taking a whole-of-life

perspective might lead the species to concludewthat is now happening, namely an
Overshoot Crisis, is no more and no less than éxé challenge to be survived, as best
we can, so that we might return to constructindityuiaves for the lineage.

Conversely, thinking of the species as living olifeastory offers the individual an

insight into his/her own identity, namely, as someplaying a role in their species’
Overshoot Crisis, e.g. as an Empiricist, an Intetiemist, a Reconstructionist, a pawn, an
opportunist; and so on.

Just as any individual’s life story takes shapéinithe ‘life story’ of its species, so is the
species’ life story embedded in the successivefyelaand longer ‘life stories’ of the
ecosphere (Earth’s surface film of plants and aflsraad their environments), the planet
and the cosmos. Chapters 1-4 attempt to buildhgsec awareness---1 termBto-
awarenes®r, more brieflyEcawareness-of how well-recognised evolutionary and
ecological processes (physical, biological anducalj have given rise to a temporal
sequence of increasingly complex energy-degradisatgms, from the early universe to
today’s world-wide human ecosystem.

In Chapter 6, ‘Ecohumanism and Other Stories,guarthat an Ecawareness of the
processes underlying tistory of Global Overshoqrovides an initial framework and a
succinct language for formulating and debating vibalo responses to the perception of
Overshoot. Building on this conclusion, | proftee philosophy oEcohumanism-a
bundling of Ecawareness and the Quality Survival-gaas a usefuiool for thinking

about the Global Overshoot Crisis. Definitionalyymanism is a philosophy which puts
human progress at its centre, and Ecohumanisrhusnanism which is informed by an
extended awareness of ecosphere processes, baifjieaband evolutionary.
Metaphorically, Ecohumanism views global societypamg like an evolving ecosystem
in which a plethora of human interest groups aec\tiitual species’ and the social and
material technologies these groups repeatedlyearatthe ‘mutations’ which selectively
change the quality-survival prospects of the adapgroups.

The value of Ecohumanism to those confronting Al@eershoot cannot be ‘proved,’
but it can be demonstrated in various ways, argishivhat Chapter 6 essays. It shows
how Ecawareness can be helpful, for example, ipiagaattitudes towards threatening
trends (like population growth); or in the identdtion of issues which need to be widely
debated, e.g. choice of an overarching societdl goa

Further, the Chapter’s section on ‘Practical Ecoamism,” presents a sample of
indicative guidelines to bear in mind when addmegsnot the proximate causes
(overpopulation, overheating, overconnectednessextraction) of the Overshoot
Crisis, but several of its underlying causes (gantses) as these emerge from the Story.
One of these is the aforementioned difficulty whithman groups have in cooperating
for their common good, what | call th@tual-species problemThe other is the



complexity problema recognition that complex situations, those attarised by
networks of causes rather than simple sequentislesa can only be steered adaptively,
i.e. by some strategy of incremental and continlyom®nitored trial-and-adjust
operations.

The question of what-to-do in the face of complgistnot going to be answered by
simply subscribing to some abductively plausibledim’ story leading up to Global
Overshoot. Nevertheless, the choice of what stiegeq trial and, equally, to avoid
trialling, does depend on the way in which the pasihderstood---an understanding
which recognises the role of luck, the role of nattevents, the role of morality, the

limits of reason, the arbitrary nature of emotiombat worked, what failed...The list

goes on. There is a presumption here that whilstrategic choice can ever be more
than intuitive, that intuition can only be improvieg a conscious elaboration of the
principles and insights one would like to see ieflaing that choice. For the moment this
is the pragmatic best we can do about complexity.

| close my case for Ecohumanism by recapitulatomges of the qualities which | believe
are likely, on balance, to make peopfaotionallyinclined to accept it as a platform from
which to contemplate the possibility of global aslewot. These include: an
understanding of cultural differences; naturalisnmon-religious spirituality;
inclusiveness; an opportunity for personal resgulityi; a flexible and evolving

narrative; an acceptance of the species’ streragttisveaknesses; and an understanding
of death. Ecohumanism is proclaiming an origimgtahich, not being exclusive to any
national or religious group, and which, becausmés include all people at all times, has
the emotional pull to bind people everywhere inteeapathizing global family or tribe.

It is a story which, of itself, can help individgaheet three of their fundamental quality-
of-life needs simultaneously---for belonging, foeaming and for identity.

Ecohumanism is an invitation to outgrow belief irtls shackles as ‘the iron laws of
history’ or ‘the fixity of human nature.” Or, mogenerally, it is an invitation to question
adherence to ‘truths’ and authoritarian behaviorrks inherited from earlier times,
sometimes from earlier origin myths. The old €smilo not have to be abandoned,
simply recognised as having had a function at aquéar moment in cultural history.

Freed from the dogmatism and fixedness of tradafiomnigin stories and world views, the
Ecohumanist doctrine being developed in this bbaked as it is on an appreciation of
scientific method, is always open to both extensind re-interpretation. Thus, each
generation has to re-interpret history, or, moneegally, the knowledge stock, in terms
and concepts that are relevant to the time; arhels generation continues to learn in its
own way, its new knowledge will become part of shery its descendants will live by
and learn from.

So, have |, as Omar Khayyam put it, come out bysdme door as in | went? Or, have |,
as TS Eliot put it, returned from my exploring wélclearer view of where | started? |
certainly have not found practicable cause andceffeechanisms which will protect or
enhance global quality of life. Some will judgésthinfortunate in a milieu where most
people feel they are unable to discuss a probldrighyiunless they have a solution to
offer. There is every prospect that the peopliefworld are going to struggle and
suffer enormously over coming decades. Perhaps#émsand will be avoided, or
perhaps it just won’t happen. For those of us eteaware of these ‘scenario’ futures,



several questions arise. Do | care? Which scenali| adopt as my working
assumption? Do | want to help protect global quaf life? How can | best help?

| find the prospect of plunging quality of life, wd-wide, very plausible and very
distressing but doubt if there is anything pradticaan do. What | do know is that
writing this book has increased my understandingnaf empathy with my own species
and sharpened my sense of the joy and pain ofglivinvery much want this species to
seek and find quality survival. We may be abowridure a great setback but, if so, we
will surely rise like the phoenix. And | realideat we will rise that much more easily if
we can protect the knowledge stock that has bemmadating, with ups and downs, for
several hundred thousand years. Nor do we wdamve to struggle for centuries or
millennia to regain the heights of joy and paint thgreat poetic consciousness can
express*

Once and once only for
each thing-then no more.

For us as well. Once.
Then no more... ever.

But to have been as one,
though but the once,
with this world,

never can be undone.
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CHAPTER 1 THE DEEP PAST: A STORY OF PERVASIVE CHANGE

Evolution before life
Formation of matter
Formation of atoms and molecules from elementary particles
Formation of galaxies and stars from molecules
Eventual demise of galaxies, stars and matter
Formation of the Earth and Moon
Evolution of the pre-life Earth

Evolution of life and the ecosphere
Just another global cycle?
Coevolution of the Earth and its ecosystems
Archean Eon (3.8-2.5 Ga) Emergence of life and genes

Proterozoic Eon (2500-542Mya) Eukaryotes, colonies, sex, multicellularity
Palaeozoic Era (542-251 Mya) Cambrian explosion to Permian extinction
Mesozoic Era (251-206-65.5 Mya) Dinosaurs, mammals, birds, flowers
Ideas for a world view
Humans are primates
Evolution and ecology are inseparable
Symbiosis and competition are both important
The ecosphere is vulnerable but resilient
The history of the ecosphere is graspable
Appendix: More on self-organising systems
A mathematical analogue
Maximum entropy production

The fate of individual human beings may not nowbenected in
a deep way with the rest of the universe, but th&éen out of
which each of us is made is intimately tied tophecesses that
occurred immense intervals of time and enormousugtes in
space away from us. Our Sun is a second- or tlerebigation star.
All of the rocky and metallic materials we stand tre iron in
our blood, the calcium in our teeth, the carbooungenes were
produced billions of years ago in the interioragtd giant star.
We are made of star-stuff.

Carl Sagaithe Cosmic Connectipa973, pp.189-90

This is a book about the plausible possibility tivatld society is entering an Overshoot
Crisis which, within the next few decades of thwemty-first centurycould produce
widespread social disorganisation and plungingityual life for a majority of the

world’s people. My chosen task in this openingpthais to argue and demonstrate that
a knowledge and causal understanding of what hagpentheDeep Past-between the
beginning of the universe and the advent of prisiated mammals on Earth---is a
valuable resource for those looking to respond;tprally and attitudinally, to such a
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dystopic scenario. In the next several chaptendl Extend the same approach to the
more recent past.

As told by science, the step-by-step narrative lodithappened in the Deep Past gets
better by the year as researchers collect ancoimetiemore and more data about the
natural world and the universe, using ever-betteasuarement and experimental methods
and organising framework<onsilienceas making an important contribution here, i.e.
insights from different scientific disciplines ampre than ever, being brought to bear on
common puzzles; ecology, for example, is as impbda genetics for understanding
biological evolution. So, while there is much debaver the ‘best’ interpretation of
particular events, concepts and sequences (dapesbévents are particularly subject to
revision), there are no glaring contradictionshia story in its outline form; it is

eminently plausible. Many excellent books telltpanf this story;> and some further
attempt to tell the larger story of both the dist@nd the more recent pdSt.

In this chapter | propose to make (selective) ddbestory of the Deep Past in two
ways. One, more general, is to use it as a vefoclexplaining what science has
asserted about change procegsesse . The other, more specific, is to use it to identify
particular material changes in the Deep Past wimigfint inform the way in which ‘what-
to-do’ questions and ‘what’s happening?’ questiamsanswered in the contemporary
world.

With respect to these specifics, the story of tleefPast is a source of provisional but
rational information about how the Earth systemlesaved over geological time and
mighthence behave into the future; in terms of, fomexa, volcanism, temperatures,
sea levels, biological extinctions. For examplesrayeological time, the globe has been
largely ice-free when atmospheric €@vels have been above 500 parts per miftion.
The story brings an awareness of how the univerddlae solar system are passing
through their life cycles and what this means far future of the Earth, including
humans. Thus, it gives contemporary humans aialiffi’ on the extent to which the
bio-physical world’s behaviour might be susceptiiglduman intervention versus the
extent to which its various behaviours might havee accepted and adapted to (or
happily ignored).

Onchangeas such, the story of the Deep Past, when iterled to carefully, has the
potential to bring home to people that it is ofteare productive to think of reality as a
process of ongoing, ubiquitous change, punctuagyguebiods of relative stability, rather
than the other way round. Change is normal. Under thi®rld view 'things' are simply
standing waves (attractors) in a continuous dynahpiocess and have no inherent
absolute properties--- like eddies on a river. Hesaclitus said, 500 years before the
Common Era (500 BCE)),”You can not step twice iti® same river.” Even a stone is a

15 Chaisson, E., 2001, Cosmic Evolution: The Rise of Complexity in Nature, Harvard UP,
Cambridge, Mass.; Rees, M.J., 2003, Our Final Century, Heinemann, London

16 Lloyd, C., 2008, What on Farth Happened? Bloomsbury, London; Southwood, R., 2003,
The Story of Life, Oxford University Press, Oxford; Christian, D., ¢.2004, Maps of Time: An
Introduction to Big History, University of California Press, Berkeley, London

17 Glikson, A., 2010, Good Planets are Hard to Come By, Online Opinion,
http//www.onlineopinion.com.aw/view.asp ’article=10033 (Accessed 29 Dec 2010)

18 Whitehead, A.N., 1933, Adventures of Ideas, Free Press, New York
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slow-moving dynamic process! For present purpase®od reason for preferring
process thinkinly as a perspective to one which focuses on the imranf ‘things’ is

that it is change, not stability, which brings tiieand opportunities to human societies.
Thus, the Global Overshoot Crisis is important nsedt embodies a threat of destructive
change.

The more general insight that | am seeking to takentage of is that abstract concepts
that have been developed by generations of sdigftisunderstanding the emergence
and persistence of stars, planets, organisms asystems can be remarkably useful for
understanding, or just priming speculation abolénge in today’s global society,
including the role of the human mind.

Consider the concept ef/olution,the cornerstone of process thinking. At its siraple
evolution is any process of piecewise or bit-bydbidinge over time. Understood at this
level, evolutionary change pervades nature insfiarms. Charles Darwin and Alfred
Wallace are rightly famous, not just for documegt@volutionary change in various
animal and plant forms, i.e. change in their inleekicharacteristics, but for arguing
convincingly that it has been a slow procesraifiral selectiorthat has produced the
unity and the diversity we can see in the treéfef IAs Theodore Dobzhansky observed,
nothing makes sense in biology except in the lagtihis procesg’

Subsequently, since Darwin’s time, the basic idgaira natural selection, namely, the
selective (non-random) retention of variatidras been co-opted to explain evolutionary
change in all manner afystems Under the banner afniversal Darwinisnor, to be less
biological, Universal selectiofi* change-sequences in various physical, chemical,
psychological, cultural (including economic andhiealogical) and other types of
systems have been ‘explained’ using one or ane#sion of this powerful idea. For
example, solving problems by ‘trial-and-error’ itwes generating a variety of potential
solutions until one which works is found and adddietained).

Another powerful and related idea for understandimgnge, one which | will show to be
well-represented in the story of the Deep Pashatreality is made up of nested layers
of dissipativeor energy-degradingystems™--smaller, faster-running systems nestling
inside larger, slower-running systems. The fundaaigroperty of dissipative systems
is that they continuously take in energy, physinaterials and information (a patterned
form of energy with special properties) from themvironment and continuously excrete
(dissipate) materials, information and degradedgneenergy of a lowered quality in
terms of its capacity to do work---back into therieonment. For example, the multi-
species assemblages which ecologists refer tomsnunitie®or ecosystemsan, in some
sense, be considered as energy-processing systeistsave transforming high-quality

19 http://plato.stanford.edu/entries/process-philosophy/ (Accessed 30 Dec 2010).

20 Dobzhansky, T., 1967, The Biology of Ultimate Concern, Rapp and Whiting, London

21 Hull, D. L., 1988, Science as a Process: An Evolutionary Account of the Social and
Conceptual Development of Science, University of Chicago Press, Chicago; Nelson R.R. and
Winter,S.G.,1982, An Evolutionary Theory of Economic Change, Belknap Press, Cambridge,
Mass.

22 Salthe, S.N., 1985, Evolving Hierarchical Systems- Their Structure and Representation,
Columbia University Press, New York
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solar energy into chemical energy and then didiinigtthis to all of the community
members to be dispelled, eventually, as heat, agloality (useless) form of energy. The
link here to evolution is that evolution is a presavhich creates, maintains and destroys
dissipative systems.

Apart from its value for exemplifying the generiatare of change and for indicating
something of the future world’s behavioural podgibs, | have a third reason for
presenting some extracts from the story of the DReegi: It is my belief that some
(enhanced) version of this narrative will have éodlm important part of the emotional
capital, the system of beliefs and attitudes, fhemhans will need to call on to encourage
and guide them, if and when they conclude theyanieg a massive crisis which perhaps
can be averted but, otherwise, has to be enddr&dhile | cannot expand that rationale
here, | do return to it in my final chapter. Himgiat the flavour here, the quote from Carl
Sagan at the head of this chapter not only intreditice material story of the Deep Past,
but captures something of its evocative and eneggower. ‘Fancy that! | say. Itis
wonderful and amazing that the breath | am now grgwrobably contains gas
molecules once breathed by Charles Darwin, to @rchistorical figure whose spirit
permeates this book. Equally wonderful is Sagpitlsy reminder that the hydrogen and
helium which condensed out of the rapidly—coolindsp of photons (packets of energy)
produced in the first second of the life of thewense soon coalesced, gravitated, into
‘furnace’ stars where, for the first and last timmlecules of all the heavier elements
would be ‘forged.” Some of these, billions of ye#ater, would end up in Darwin, long
after being dispersed around the universe as plaeant furnace-stars first imploded and
then exploded, i.e. as they becasupernovae Planets, life and human intelligence can
all be regarded as by-products of the stellar epédcha ‘memory’ which we all share,
we are truly children of the stars.

EVOLUTION BEFORE LIFE
Formation of matter

The best available non-supernatural story of tleutn of the universe begins 13.7
billion years ago (Bya or Ga), soon after a postdaxplosion (the ‘big bang’) projected
incomprehensibly large quantities of super-hot faghlity radiant electro-magnetic
energy outwards, taking the ‘envelope of spacehvtit According to the standard
theory, the universe inflated from being a ‘bubldéspace smaller than an atom, and a
container for all the energy in the universe, tmsthing larger than our solar system in
less than a second---and has been expanding asdf(ife) cooling down ever since.

Everything that has happened in the universe shmatelocal density fluctuation’ (and
everything that will happen in the future) has baennstantiation, an expression of just
one pervasive conversion process or equilibratroggss, namely, the ongoing
conversion of that original high-grade (also caled-entropy) locally-concentrated
energy into low-grade (high-entropy) locally-disped or spread-out energy. Call it the
cosmic equilibration processAnd everythingmeans just that. It includes the formation,
persistence and destruction of matter, galaxiass,splanets, plants, animals, brains,

23Salthe, S.N. and Furhman, G., 2005, The Cosmic Bellows: The Big Bang and the Second
Law, Cosmos and History,, 1(2), pp.295-318.
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ideas (minds??) and societies. Nature abhorsullggqum! The cosmic equilibration
process is spontaneous in the sense that whenawditions allow (and such are many)
the conversion process proceeds at the maximund gpeepatible with those conditions.
Or, putting this another way, for every set of atinds under which conversion is
possible, conversion proceeds at a characteristieds It is a necessary condition for the
occurrence of a spontaneous processahtropy low-quality energy, should be
produced.

Before going on, a word about energy, in particalaout its quantity and quality. Like
many abstract things, we have, to quote the gteatigist Richard Feynman, ‘no
knowledge of what energy is.” A standard defimtguch as ‘energy is the capacity to do
work’ is seen to be tautological when it is reaigieat ‘doing work’ means that the
amount of energy in one part of a system of intargeentities is increased (we then say
thatwork has been done on that part of the system) atxense of the amount of
energy stored in some other part of that systemekample, when Galileo supposedly
carried his weights up the Leaning Tower, the wisigltquired gravitational potential
energy and Galileo lost chemical (metabolic) eneWigzat we most importantly do know
about energy is that it exists in various formg.(&eat, light, gravitation, invisible
radiation, kinetic, mechanical work, chemical, pia, nuclear, electrical etc) and that it
can be converted (within limits) from one form two¢gher without any loss in quantity---
but with an inescapable loss in quality.

That last sentence is an informal statement of taHirst and second laws of
thermodynamics, this being the science of energgueh better name would be
energetics). The first law of thermodynamics gags energy can be neither created nor
destroyed, only changed from one form to anoti®er the total quantity of energy in the
universe is the same now as it ever was. The sdamnsays that each time a quantity of
energy of a particular quality changes from onenftw other forms, there is a loss in the
amount of energy subsequently available for an@lalgpof participating in similar kinds
of energy conversions in the future. A systearigropyis simply the amount of energy

in it which is unavailable to do further work.

This pervasive process of converting or dissipatusgful word) low-entropy energy into
high-entropy energy is equivalently called entrgpgduction or ‘loss of free energy’.
From a human perspective, a common example isaimeecsion of high-quality

chemical energy in the form of petroleum plus oxygeo low-quality ‘waste’ thermal
(heat) energy and simple ‘tailpipe’ chemicals whiave few high-energy bonds e.g.
water and CQ After being converted into the kinetic energyaahoving vehicle, the
chemical energy of petroleum is unavailable fotHar ‘useful’ tasks. The second law is
simply saying that the cosmic equilibration procelgsks over another notch whenever
(and only when) energy is converted from one fasrartother. In this context, the
cosmic equilibration process is the tendency fghar quality locally-concentrated
energy to spontaneously dissipate into lower qubdds-concentrated energy, i.e. it does
so if it is not blocked (as it commonly is) by cheat, physical or psychological barriers/
constraint$? The reason that the evolution of the universe ahole is irreversible is
because its energy mix contains ever more entrogyer less. Thus, it can never return

24 http://entropysite.oxy.edu/students approach.html (Accessed 30 Dec 2010) has a good
simple discussion
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to last week’s energy mix! The universe would mequilibrium if it contained no
pockets of relatively high-grade energy.

The famous Einstein equation reminds us that méttat which has mass and occupies
space) and energy are interconvertible under tie donditions. As the early super-hot
universe cooled, conditions became suitable fotenat the form of, first, heavy
particles (e.g. neutrons, protons and antiprotdhs)) successively lighter particles (e.g.
electrons and positrons) to ‘condense’ from caligdphotons (packets) of radiant energy.
High-quality high-temperature photons were beingvested into particles of matter plus
lower-quality lower-temperature photons, an entroyeasing process consistent with
the cosmic equilibration principle and the secawl of thermodynamics. As cooling
continued, temperature-conditions necessary fofdimeation of matter came to an end
and the amount of matter in the universe has resdaapproximately constant since that
time.

The gradient or ‘difference between locations’ whig being increasingly eliminated by
the cosmic equilibration process was originallyateel when, shortly after time zero, the
universe was expanding and cooling so rapidlyttiaequilibrium proportions being
successfully maintained between matter particleseaergy particles (photons) during
the first 100 seconds was destroyed. How? Thseadifferent equilibrium ratio
between numbers of matter particles and energycfesfor each combination of mass
density (gms of matter per cubic centimetre (ca)ruf’erse) and temperature in the
cosmic medium. But, after 100 seconds, densitypaature conditions were changing
too fast for such equilibrium to be maintained.amexpanding universe, radiant energy
was cooling faster than matter was cooling. Pgttitis another way, the reason that the
amount of matter in the universe has stayed apprately constant is that since
conditions cooled well below the temperature ofterdbrmation, there has not been any
energy source sufficiently concentrated to eneng@écles to the point where they
would ‘evaporate’ back into radiation.

Formation of atoms and molecules from elementaryriiees

Between 10 000 and a million years after time zanal, with further cooling to 4000
degrees Kelvin (4000 degrees above absolute zdementary positive and negative
particles could begin assembling into neutral atemisout being constantly broken up
again by high energy photofs.Hydrogen (90%) and helium (10%) accounted fortmos
of the atoms formed.

Radiation does not interact with neutral atomd dsés with a gas of charged patrticles. It
simply passes through. So, as the neutral atomeefy and with no free electrons left to
scatter the photons of light, the universe stedulilgame transparent to radiation. It was
as though, after 300k years from time zero, a gogpblanket had lifted. Once the
radiation born in the Big Bang stopped interactiith (decoupled from) the matter it

had given birth to, it became the cosmic backgraumdrowave) radiation which can be
observed today and which constitutes over 99%efithiverse’s total energy
complement.

2% Chaisson, E., 2004, Complexity: An Energetics Agenda, Complexity: (Journal of Santa Fe
Institute), 9 (3), pp.14-21
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Without charged particles to maintain thermal afdiiim (i.e., matter and radiation
being at the same temperature and behaving agla flind) the temperatures of the
matter and the photons went their separate wake. rate of photon cooling was
inversely proportional to the size of the univemshile matter cooled at a faster rate,
inversely proportional to the square of the sizéhefuniverse. So, for the first time in
the history of the universe, two temperatures vmexeded to describe things. As the
temperature of the universe’s hydrogen atoms (@ndéntheir thermal energy) dropped
below the dissociation energy of molecular hydrogleay paired to form the first
molecules?®

Formation of galaxies and stars from molecules

After the end of the molecule formation epoch, eratiegan clustering into galaxies,
with the initial locations of embryo ‘protogalaxie®rresponding to locations where a
few molecules had strayed together by chance aygédtogether long enough to begin
collecting other molecules through gravitationélaation. Once started, such a process
is self-reinforcing. It is also an entropy-produgiprocess. Gravity is a weak force and
only starts to have this gathering-in effect whesleoules have insufficient thermal
energy to keep them apart, i.e. after cooling bel6@ degrees K. The phrabermal
determinisntaptures the powerful generalisation that thereaarember of major
transitions which can be readily explained as éseilt of the universe’s decreasing
temperaturé’

As such emerging clouds of gas became ever deafsar, 180 million years say, stars
began igniting inside them, and clusters of stagab to form the large scale structures
now known as galactic regions. While still contmyy galaxy formation (500 billion of
them) was largely over after a billion years, byichitime the cosmic temperature had
plummeted to 100 degrees Kelvin or —173 degreeigrade. An idea is now growing
that the gross structure of the universe is that mire-or-less flat ‘mesh,’ with long
‘filaments’ of galaxies criss-crossing each othBarticularly dense clusters of galaxies
are found where filaments intersect. Despite ti@mous size of this mesh, galaxies
have been calculated to contain only 2-3 per cetiteomatter in the universe. The rest,
calleddark matter has not been explained. Taken together, dartemad an equally
mysteriousdark energyare thought to make up most of the univéfs®ark energy
appears to oppose the self-attraction of mattet@aweduse the expansion rate of the
universe to accelerate.

While few new galaxies have formed in, perhaps)dleten billion years, star formation
(and destruction) has been a commonplace withexges, right up till the present. A
typical star forms as ever-more hydrogen (mostigires come together under the

%0 Yineweaver, C.H., and Schwartzman, D., 2004, Cosmic Thermobiology: Thermal
Constraints on the Origin and Evolution of Life. In J. Seckbach, (Ed.) Origins’ Genesis,
Evolution and Biodiversity of Microbial Life in the Universe Kluwer Academic Press,
Dordrecht, pp.233-248

27 Lineweaver, C.H., and Schwartzman, D., 2004, 1bid.
28 Bahcall, N.A., Ostriker, J.P., et al, 1999, The Cosmic Triangle: Revealing the State of the
Universe, Science, 284, pp.1481-1488.
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influence of gravity, eventually packing togetheaalensity at which nuclear fusion
begins, creating a hydrogen-burning ‘stellar fusiac which, as described by Sagan,
conditions are suitable for the nuclei of all treatier elements to be synthesised from
hydrogen and helium. So stars are dissipative systehich extract nuclear energy at
high core temperature (~ 107 K) and discard ibatsurface temperature (~10"3-
10MK). As an example of the contingent (but fomajure of evolutionary processes, it
can be noted that if the nuclear force that hotdsgms and neutrons together were any
stronger, fusion of hydrogen to helium in the Swuld have finished long ago and if
any weaker would not be delivering solar radiaad@ level sufficient to sustain life.

Eventual demise of galaxies, stars and matter

Cosmological theory suggests that, in the fullrefdsme, galaxies and matter, as well as
stars, will disappear from the universe. Massblack holes’ dwell in most galaxies.
These super-massive collapsed stars are calleck'idacause gravity is so strong inside
them that not even light-rays can escape from th@wer time they capture more and
more of a galaxy’s matter. Viewed from the rigbsjion, Earth’s galaxy, the Milky

Way, looks like a catherine wheel with trailing arof stars spinning around a central
‘black hole’ every 250 million years or so. Tharstalled the Sun is well out towards the
edge of this galaxy and hence relatively safe fuamous nasty fates, such as being
sucked into this black hole.

Long after the Sun has exhausted its fuel supphesdied down to a dinvhite dwarf
star, and then lalack dwarf(a non-radiant star), the Milky Way and other gaaxwill
move into what has been called hegenerate Era The only stellar objects remaining
by then will be white-black dwarfs, brown dwarfgutron stars and black holes.

White dwarfs are the dying embers of standard hy@ieburning stars. Their lives may
be prolonged, somewhat but not indefinitely, bytaepg and consuming ‘dark matter’--
-particles of several types that have so far elutigdction but which astronomers and
high-energy physicists calculate must be presetitéruniverse in enormous quantities.
Brown dwarfsare failed stars, having insufficient mass toaté thermonuclear,
hydrogen fusion. Stars with a mass of about eiglatr snasses will complete their life
cycle in a cataclysmic flare we know as a supern@liadhat remains from such an event
is a rapidly spinningeutron stay an object about the size of the Earth, composed
exclusively of neutrons, with a density so great #nteaspoon of its matter is about the
weight of the Earth. A star with a mass greaten tkight solar masses may end up as a
black hole rather than a neutron star.

Also during the Degenerate Era, galaxies will bégiaonravel with some star-remnants
moving out to the edge of their galaxies and otfalisig to the centres. Most remnants,
including planets, will be adrift in intergalac8pace, having been ejected from their
galaxies.

What could possibly happen next? One suggestitratgshe mass of remnant stars will
begin to dissipate through a process catlexdon decay For a long time, protons were
believed to last ‘forever’, like electrons. It iswa believed that even they have a finite
lifetime, theorized to be between 10"30- 10740 ge&ince protons are a fundamental
component of all matter, their decay into photomd positrons would mean the
disappearance of all material structures.
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That is, all material structures except black heegh, being made of neutrons, would
be unaffected by proton decay, and would linger ©his is where the Degenerate Era
ends and thB8lack Hole Erabegins. But even black holes will not last foreves.long as
they are being fed by captured stars, they willxglarger. But even these enormous
masses must eventually dissipate into thermal tiadigophotons and other decay
products. Neutrons decay into protons, electrowlsreeutrinos. A black hole of one
Solar mass may last for 10765 years. A black kdglle the mass of a typical galaxy may
finally evaporate after 10798 years. The era clogesn all the black holes have radiated
away and all that remains is a diffuse sea of iest positrons, neutrinos and radiation
suspended in nearly complete and total blackndgscdsmic temperature will be a
minute fraction above absolute zero. We will lethis plausible bur highly speculative
story there, with the universe effectively dead.

The particulate, galactic and stellar epochs ofrcosistory are all examples of the
cosmic equilibration process. All involve processewhich some form of high grade
freely-available energy is partly converted intbestand different forms of high grade
energy (e.g. matter, material structures, kindtiecsures) and partly dissipated
(dispersed, degraded) into lower-grade energyudict thermal energy, the lowest
grade of all in terms of its availability for comgeon to other forms of energy. For
example, the clustering of matter under the attraehfluence of gravity is a process of
converting gravitational energy to potential enesgg, as with all energy conversion
processes, some of the energy involved is chamgedd lower-entropy state to a higher-
entropy state, e.g. changed to heat and lighpatticle and atom formation, radiant
energy is converted into the energy which holdse¢hentities together. In fact, particle
formation, atom formation, galaxy formation and $temation are all examples of
dissipative processes taking place in dissipativenergy-degrading cum energy-
transforming systems.

There is a degree of evidence to suggest thatwilid realm of what becomes possible
(with cooling, for example), dissipative systesetf-organiseor spontaneously
reorganise their networks of internal energy-cosigr paths in such a way that the rate
at which cosmic equilibration proceeds is maximisé&tis is called thenaximum

entropy production or MEP hypothe$is It is an illuminating idea which is further
discussed in an Appendix to this Chapter.

Formation of the Earth and Moon

Having summarised a plausible life story of theverse into a few pages, let us return to
more local matters. The Earth’s Sun was borntgpiaal star some 4.6 billion years ago
(Ga), i.e. 4600 million years ago (Mya). It sustaitself by burning 150 000 tonnes of
hydrogen a second, a rate of energy conversionhathie Sun can sustain for perhaps
another 5-7 bn years before swelling up 50-fold¢oome a ‘red giant' star, incinerating
the inner planets and then collapsing into a ‘wHikarf’ star and, ultimately, into a burnt
out ‘black dwarf. Degrading free energy at suatai@ sounds enormous but, on a per
gm basis, the Sun’s free energy rate density i@ Q0D that of a human beify.

29 Swenson, R., and Turvey, M., 1991, Thermodynamic Reasons for Perception-Action Cycles,
Ecological Psychology, 3 (4), pp.317-348
30 Chaisson, E., 2001, 1bid., p.139
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The Sun and all its planets, i.e. the solar systermed around the same time, i.e. 4-5
Ga. Beginning with a very hot, relatively homogeus, rotating disc of matter, gravity
and temperature differences caused materials widreht masses and melting points to
be pulled to different distances from the Sun wltleeg eventually cooled enough to
condense and accumulate. Dense materials withrhédting points condensed and
accumulated nearer the Sun, e.g. Earth, Mars. dessse materials with low melting
points condensed and, pushed outwards by parggeted from the Sun (solar wind),
cumulated further from the Sun, e.g. the gas ptanet

Starting 4550 Mya as a relatively small pile o$coc rubble drawn together by
gravitational energy, the Earth grew steadily \aaration from a bombardment of
various bodies including meteorites and cometggland small. It is believed that much
of Earth's water and carbon, both prerequisite$ifoto arise, arrived as cometary
debris. There are no rocks surviving from that Hedigme because, under the heating
effects of constant bombardment and radioactivayldbe Earth was molten. Indeed,
the surface of the Earth was periodically vaporised covered with an ‘atmosphere’ of
rock vapour’

High density elements like iron and nickel sanki® centre of this liquid globe to form
an inner core of solid iron and an outer core oftemiron, both of which will probably
remain so for billions of years. Calcium, sodigatassium and aluminium silicates
(feldspars) melt at temperatures as low as 700-#i@géees C and when molten are
relatively light. Early on, they would have risenthe surface by convection to become
the most common minerals in the Earth's crust.s @ifferentiation (separation) probably
also initiated the escape of gases from the intand led to the formation of the
primitive atmosphere and the oceans. Flow of he#ia Earth's surface became more
efficient (created more entropy) with the developtr@ convection cells in the Earth’s
mantle (the layer between the core and the crust).

When a body we can call tipeoto-Moonstruck Earth a glancing blow about 4.5 Bya and
skidded back into space, it set the Earth spinoimze every 17 hours or $6. Day and
night were created but it took another 3.5 bn yé&arsotation time to slow to 20 hrs.
Currently the Earth’s day length is increasing Iseaond every 62 500 years, an hour
every 360 megayears (million years). As the Esotates more and more slowly the
Moon is spiralling away from the Earth at a rat@abdut 2.5 mm per lunar month.
Eventually, under the influence of the Moon's graaind the loss of rotational energy in
the form of heat generated by the friction of tidedvements, the Earth’s rate of rotation
will fall below one revolution per 1100 hours.

As the Earth’s rotation rate slows, its shape bexsomore nearly spherical (less
flattened), an ongoing process which creates tremendynamic pressures and stresses
(stored energy) within the Earth's brittle crusttasndeavours to conform to the ever

31 Hartmann, W.K., Ryder, G., et al, 2000, The Time-Dependent Intense Bombardment of
the Primordial Earth/Moon System. In Canup, R.M., and Righter, K. (Eds), Origin of Earth
and Moon,, University of Arizona Press, Tucson, pp.493—-512.

8 Denis, C., Schreider, A.A., et al., 2002, Despinning of the Earth Rotation in the Geological
Past and Geomagnetic Paleointensities, Journal of Geodynamics, 34 (5), pp.667-685
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changing mantle upon which its constituent tect@tates (see below) float. Think of a
wrinkling orange. Stresses from this and othezrimdl processes such as shifts in the
Earth’s axis, and including convection currentthiea mantle, are relieved (dissipated) by
the triggering of volcanoes, earthquakes and mauofgalift.

Evolution of the pre-life Earth

For perhaps 500 myrs after its formation, the Easdls a cooling but still molten sphere,
too hot for life to emerge and survive---more thakateterminism. However, a few
hundred million years later, with ocean temperatstél in the nineties, the first simple
bacterial life forms had emerged.

Meanwhile, here is a brief description of how treatk evolved and functioned as an
integrated energy-processing, energy-degradingsyst the pre-life era when
conditions were becoming suitable for the emergentkee first organisms. My aim is to
provide some background for later discussion ofptteeesses by which life-forms and
their physical environments (together calledehesphergsubsequently evolved and co-
evolved (i.e., evolved in tandem). A second aiftoidiscuss change and variability in
the physical conditions of the pre-life Earth iway which will inform later discussion of
the conditions that life might have to adapt tohe future if it is to persist.

The main idea to be established and reinforceddkislife emerged in a dynamic world
where conditions were (and still are) always chaggslowly in some cases, rapidly but
smoothly in others and, irregularly, there can ightenergy disturbance events
emanating from space or from within the Earth. Tteer have sometimes dramatically
reconfigured (re-organised) the global patternnergy dissipation associated with the
cyclical movement of materials around the plardeist as the universe as a whole can be
viewed as a self-organising dissipative system spmously degrading energy at the
maximum available rate by using that energy (plasemals) to form kinetic and static
structures, so can the (pre-biotic) Earth. InlEartase the kinetic structures are the
networks of pathways along which various mate@aéscycled through the lithosphere,
the hydrosphere and the atmosphere.

How does the planet dissipate energy?

The Earth has long been an interwoven network ahaiving (jointly-changing)
energy-dissipating sub-systems, drawing the enetggh these sub-systems collectively
degrade from two main sources, namely, the Surttenglanet’s hot core.

Solar energyStep by step, incoming solar energy is degraded high-grade (high
energy per photon) short wave radiation to outgtomggrade (low energy per photon)
long-wave radiation as it drives many of the plangtirface processes such as wind
patterns, precipitation, erosion, ocean curretéstical storms etc. This applies in the
biotic as well as the pre-biotic world, the diffece being, as we will discuss, that there
are many more pathways in the biotic world.

Remember that energy cannot be converted fromamne to another without
simultaneously converting part of that same en&vgylow-grade form (e.g. waste heat
in the form of enhanced molecular kinetic energif)jolr cannot be subject to further
conversions. Thus, a portion of all incoming s@aergy is irretrievably lost back into
space with each successive conversion of that imgpenergy to other forms. However,
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while all incoming solar energy is ultimately dedgd, this does not happen
instantaneously. It takes time, calledidence timefor energy to move via various
processes along pathways between different planeéservoirs’ where it is temporarily
stored. For example, solar energy which produlmesis by evaporating water has a
much longer residence time on Earth than energgiwsétrikes polar ice and is
immediately re-radiated back into space.

Geosphere energin addition to the solar energy which drives ao€f processes, many

of the planet’s geological processes continue tdrhven by the original conversion of
gravitational potential energy to, first, kineticezgy and then to heat during the coming
together of proto-planetary raw materidlsOngoing nuclear reactions in the planet's
lower mantle further boost temperatures there tetbing like that of the Sun’s surface,
more than 5000 deg. Kelvin. This internal energyescreates and drives processes such
as continental uplift, drift and collision, sub-fage magma (hot semi-fluid) flows,
volcanism, magnetic-field formation, seismic adtnand polar shifts. For instance, it is
core heat which drives convection currents in iseous mantle on which the more rigid
crustal surface is ‘floating.” Convection curreate probably the mechanism by which
rigid plates of crustal rock (tectonic plates) separated, pushed together or rotated,
causing great rifts in the crust where the plaggmmate, or high mountain chains where
they collide. Plate motions also give rise to egutikes and a high heat-flow towards the
surface, especially along the plate boundaries eelcanoes tend to be formed, e.g. the
Pacific Ocean’s ‘rim of fire.’

All of these processes can be regarded as alteenadithways in a largeeat engine
which is simultaneously transferring heat energyfinner Earth to outer space and
converting heat energy into the kinetic energyariaus material flows and mass
movements. A heat engine is a device which coaverat energy to the kinetic energy
of mechanical work. Notwithstanding, the amounintérnal heat reaching the Earth’s
surface to be eventually radiated into space ig serall compared with the amount of
solar energy reradiated into space.

Not all outgoing geothermal energy is convertethezhanical work; some geothermal
energy is also re-stored in static structures,thegkinetic energy of a moving tectonic
plate is converted to and stored as gravitatiootrgial energy when used to push up
mountain ranges.

Other energy inputsAs noted, the Earth’s rotational energy is grégiuseing dissipated
by tidal friction and its angular momentum tranegdrto the Moon---which means
sending the Moon into a more-distant orbit. Edviben and Earth-Sun gravitational
forces are expressed as bulges in the Earth'salash@ea surfaces. Tidal flows in the
oceans are what happen as the Earth rotates beéheaéhbulges; the resulting ‘braking’
friction in both crust and oceans is Earth-warming.

Finally, there are several types of small (usudily) concentrated and localised energy
inputs to be processed and dissipated by variotth Bgstems. Lightning is not one; it is
an important high energy driver of atmospheric peses (e.g. ‘fixing’ nitrogen) but is
generated within the Earth system. Asteroids dhdraccasional bodies from space
have to be included here. For example, the asterbich exploded above Siberia in

33 Chaisson, E., 2001, 1bid., p.162
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1908 had the energy of a thousand Hiroshima bo8ibsulation models suggest that an
asteroid 5 km in diameter, if it landed in the Atia Ocean, would produce a tsunami
high enough to inundate most of the world’s codstadiscapes.

Overall, while still high today, the specific rdtee. rate per gm) at which the planet is
processing incoming energy to other forms and tedjaway the low-grade thermal
energy this produces has fallen considerably ameg, tparticularly in comparison with
Earth’s first half billion years. This observatimnot incompatible with the idea that, in
any time interval, the quantity of entropy (enetiggt has been degraded to heat) being
produced by the Earth system is higher than it didel if no global material-energy
cycles had emerged after the planet’s initial capli.e. whenever physically feasible,
such cycles come into existence (spontaneoushosgdinise) as a way of better
satisfying thecosmic imperativéo degrade high quality energy into low quality eyyeas
rapidly as possible. While energy-in must stillabenergy-out if the Earth’s
temperature is not to change, the outgoing energy lower quality than it would have
been in the absence of material cycling.

The mechanics of global material-energy cycles

The restless Earth is only able to continue dissigasolar and core energy as fast as it
does because the sequences of global-scale ermrggrsion and transfer processes
which produce dissipated energy are largely baseal‘oirculatory system’ of more-or-
less closed material cycles. These include (se€lBD climate-weather cycles,
geological, geophysical and geochemical cycles arude recently, the biological cycle.
Let me explain.

A typical global material-energy cycle has thregsof components:

(a) Reservoirs for storage of materials

(b) Transport paths which denote how material mda&t®/een reservoirs

(c) Fluxes (flow rates) which describe how mucheriat moves along particular
transport paths.

During any movement of matter between reservoirergy is used to convert materials
(air, water, chemicals, rock, soil...) from one fotwranother (e.g. gas to liquid) and/or to
do the work required to transport materials frosergoir to reservoir. And, in
accordance with the cosmic equilibration procdss,thermodynamic imperative’, some
of the available energy is converted at each stagainavailable thermal energy which
is then radiated out into the heat-sink of spdaelling such an energy conversion
processes as cyclical simply means that most afnéterials which are transformed or
transported at each stage eventually return toeyteerd in much the same form as, they
started out. This means that these materialseang bbecycled, that, in some sense, they
are being renewed and the systerself-maintaining Self-evidently, if something like
this does not happen, the chain of processes inl&stage energy conversion cycle will
stop when the available stock of input materialsxisausted.
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Box 1.1 Some important global material-energy cycle
Hydrologic cycle

Climatic and meteorological cycles

Oceanic cycle

Ice cycle and sea level cycles

Biological cycle

Elemental (geochemical) and nutrient (biogeocheineales
Supercontinent cycle

Rock-soil cycle

Examples

In thehydrologic cycle€or example, solar energy is used to evaporatedig/ater, from
the oceans say, into vapour and, simultaneousinctease its (latent) energy content by
2.4 x 1076 J per kg. This water vapour is cartipdiards by atmospheric convection
currents till it condenses at high altitudes whéeeair cools (due to its volume
expanding as the air pressure falls) and, in cosidgnreleases, as heat, the energy it
absorbed when first vaporised. The releasediseatntually radiated back into space
and the liquid water is recycled back into the oseas rain. So, as crudely described
here, there are two stages in the hydrologic cykighe first stage, water is converted
into ‘high energy’ vapour and lifted skyward. Hetsecond stage vapour is converted
back to liquid water, low quality thermal energyeteased and the water falls to the
oceans as rain. Thus, the cycling of water is cetepland the stock of water available
for evaporation is renewed. If most water vapaiftetl into space on reaching high
altitude, the hydrologic cycle would soon stop.

Thecharacteristic timeof a material-energy cycle is the time normallysiaior
materials to pass through every stage or resep¥dire cycle. One of Earth’s longest
cycles is the supercontinent (or Wilson) cycle,ahhihas an average duration of about
500 myrs. Beginning about 3000 Mya there have Iigeror six cycles of breakup and
reformation of one or more supercontinents. A stgrinent (the most recent ones,
formed when Pangaea broke into two, were LaurasigGondwana) breaks up into
smaller continents wheradiogenic heatrom relatively shallow internal radioactivity is
trapped underneath it and builds up to the poirgrevithe ‘lid blows’ and the
supercontinent ruptures into pieces. After beirakén up in this way heat no longer
accumulates and the smaller continents eventusflybdick together again. It might be
noted that if the planet’s sources of radiogenit lneere any deeper in the core, the
planet would periodically revert to a totally maitstate’* As it is, the bulk of the

3 Strahler, A., and Strahler, A., 1997, Physical Geography- Science and Systems of the
Human Environment, 4th ed, Wiley, New York, p.169
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geosphere has been comparatively stable for thelpag billion years with unrest
largely confined to the ‘rind-like’ crust and upp®st mantle. It is the boundaries of
continental plates which are the sites of mosheadkes, volcanic activity, and
exchanges of heat and volatiles between the imtarid the oceans and atmosphere.
Plate tectonics is one of the great unifying theoin geology. Virtually every part of the
earth's crust, and every kind of rock and everg kihgeology can be related to the plate
tectonic conditions which existed at the time thayned. It has been said that ‘Nothing
in geology makes sense except in terms of platertectheory.®

More generally, the way in which the supercontir@icess spews out new oceanic crust
at mid-ocean ridges and destroys it beneath ocenaltes represents a major cycling of
crustal material, water and chemical constitueets/ben the Earth's surface and its
interior. This fundamental tectonic (rock-formingpcess plays a major role in

controlling the chemistry (behaviour of mattertat tnolecular and atomic scales) of the
ocean and atmosphere.

Therock cycle(see Box 1.2) is an example of a shorter, moralitoed material-energy
cycle superimposed on the supercontinent cifdieinvolves the solidification, erosion,
sedimentation, recompaction and re-melting of tireenal constituents of Earth’s rocks.

Box 1.2 New rocks from old: An example of a globadterial-energy cycle
Simplifying, the rock cycle can be described atofes:

1. Magma cools and solidifies (crystalliseshing igneous rock;

2. Igneous rock weathers, gets transportetljsadeposited as sediments;

3 Sediments, through cementation and comgradithify to form sedimentary rock
4. Sedimentary rocks, through pressure anddeaiyre, largely at margins of
continental plates, become metamorphosed formirtgmuphic rocks (igneous rock

can also be metamorphosed without first becomidgrsants);

5.  Metamorphic rock gets melted, forming magmee again (alternatively,
metamorphic and sedimentary rock can be weathgsetported and deposited to form
new sediments).

Geochemical cycleare those planetary-scale material-energy cyolegich individual
elements such as phosphorus, carbon, nitrogengoxygss through a recursive
sequence of chemical forms, each embodying a diftdevel of chemical energy.
However, because these cycles have been so drattyatidluenced by processes
associated with the emergence of life (e.g. nuticgoles in ecosystems), making them

35 http://csmres.jmu.edu/geollab/fichter/Wilson/Wilson.html (Accessed 27 July 2009)
36 Strahler, A.N. and Strahler, A.H., 1973, Environmental Geoscience: Interaction between
Natural Systems and Man, Hamilton, Ca.
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biogeochemicatather than geochemical, we will delay their desgian until we discuss
the evolution of biological cycles.

Interacting cycles

While it is convenient to describe Earth’s pre-tifebal cycles as separate dissipative
processes, there has always been a network ofystiterdependencies, relationships of
mutual influences and interdependent evolution\(oh#ion), among the main cycles.

The supercontinent cycle provides several illusirat of such interconnections. Each
time a supercontintent is pulled apart, huge gtiastof greenhouse gases are released
and warm, wet greenhouse conditions come to preVdilen smaller continents
recombine, mountain ranges and continental plagare pushed up, soils form and
assimilate C@from the atmosphere as they erode; eventuallyGhQisis incorporated
back into marine deposits, e.g. limestones., &@els in the atmosphere then fall, the
significance of this being that glaciations andages occur when atmospheric €&

low. It seems then that supercontinent cyclestereanditions that also produce very
long climatic cycles. Various climatic cycles witiuch shorter characteristic times are
then superimposed on these very long climatic sy@@me of these shorter cycles,
driven by various periodic changes in solar eneagy very regular (e.g. recent ice ages)
and others (e.g. volcanic winters) are quite irfagu

Crustal landscapes provide another example. Uthéanfluence of four interacting
energy sources---geothermal heat, solar radiaiarth’s rotational energy and
gravitational attraction---the evolution of Eartiplysiography (landscapes) began with
the formation of the primitive continents, oceand atmosphere. For example, the
momentum of the Earth's rotation and the gravitati@ttraction of the Sun, Moon and
Earth led to the occurrence of tidal forces whighraost noticeable in water bodies and
which especially affect coastal landscapes. Grawital forces provide energy less
directly, but by attracting all earth materials tods the Earth's centre, impart a potential
energy to rocks and soil.

Geothermal heat initiates the injection of new maténto the crust and the spilling of
molten magma onto the surface to form volcanoedaralflows; and also the earth
movements which produce large scale uplift, warging folding. These processes are
generally constructional in that they lead to arease in elevation and relief.
Subsequently, erosional and depositional sculptngen by gravity and the energies of
the solar-powered wind and water cycles reduceslthation of these primary
landforms.

Lurking here we have a particularly clear examflthe coevolution of dissipative
landscape processes. The geological cycle prodnoastain ranges which increase the
rainfall they intercept by lifting rain-bearing vda to heights where they more readily
precipitate their moisture as rain. Increasedfalimcreases the rate at which the
mountains erode and deliver sediments to the osbane it will again be converted to
rock. So, despite large differences in charadteriisnes, changes in the meteorological
and geological material-energy cycles are mutuaflyencing each other in terms of
how and where they are processing material andygnee. they are co-evolving.

It was the long-term interplay between these irglyrgenerated constructive and
externally-generated deconstructive processes wjuided the history of Earth’s pre-



26

biotic landscapes for a billion or so years. Thawill be discussed presently, with the
emergence and proliferation of life, a biologicgtle began to interact with the physical
cycles of the atmosphere, the hydrosphere andttiosphere and, thereafter, strongly
modify the history of landscape evolution. Forrepée, we will reflect on a remarkable
correlation between the supercontinent cycle, déhg-term rise in atmospheric oxygen
level and the increasing complexity of plant andrea life-forms >’

Kinetic and static structures

This is a moment to recapitulate, in quite gentmaths, the basic behaviours of
dissipative systems (and their component dissipaikuctures) of the type represented
by global material-energy cycles.

It bears repeating: dissipative systems are thegss®es through which the universe’s
spontaneous tendency to smooth out (eliminatg)aéintial energy gradients
(differences in energy density between locationske itself out. How do they do this?
In theirclosed formthey are bordered collections of matter whictenee energy of a
particular spectral quality from the environmendl @eturn energy of a lower quality than
that received. This is whdtssipationmeans---the conversion exergy i.e. energy
capable of doing work, intentropy, ie. energy not capable of doing work. In tlrapen
form, they receive both matter and energy and givéotit matter and energy. The
Earth, our present example, is a dissipative systhaioh has been effectively closed
since the pre-biotic Earth stopped accumulatingenmads from space.

Delving a little deeper, the relatively-high quglénergy entering a dissipative system is
not dissipated until it does work on the matenalsding in the system, either by moving
those materials around or by changing their chdmoicphysical structure. When the
energy which is moving materials around the sysaachimparting kinetic (motional)
energy to them forms those materials into perdisibservable forms it is creatikgnetic
structures When the incoming energy is used to transforerstystem’s materials, either
chemically or physically, into forms with highertpatial energy it is creatingtatic
structures. Both kinetic and static structures function asrgg stores, with bigger
structures storing more energy.

The important difference between kinetic structeeg. the global system of ocean
currents) and static structures (e.g. landformsenail deposits) is that kinetic structures
spontaneously collapse, i.e. lose their organiead find stored energy, when energy
flow into the system stops whereas static strustdeenot. Kinetic structures are
constantly being regenerated from materials bemgprted from the environment (open
systems) or, in the case of global material-eneygyes from recycled materials (closed
systems).

Static structures are usually formeddsgociative process@s which clumps of matter
are brought together and held by molecular-bondimgrgies. This is why they do not
break down and lose that stored potential energwit@tional, chemical, etc) until an
appropriate external pulse of bond-brealdcgvation energys applied, e.g. heat energy,

37 Campbell, I.LH. and Allen, C.M., 2008, Formation of Supercontinents Linked to Increases in
Atmospheric Oxygen, Nature Geoscience, 1, pp.554-558
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mechanical energy, chemical energy. Once a gtaticture has had its energy content
raised to a critical level by a pulse of activaterergy of some sort, it will spontaneously
change its structure to one with less exergy (& sta'minimum free energy’) and
dissipate the ‘lost’ exergy. Static structures;duese they have no tendency to
spontaneously change, are sometimes called equititstructures but this can lead to a
confusion with thermodynamic equilibrium, meaningyatem in which all exergy has
been converted to entropy.

The natural variability of global cycles

Like all dissipative processes, the planet’s maiergy-degrading cycles in the
atmosphere, hydrosphere, solid crust and core-méantld, as we shall discuss presently,
the biosphere) all had a beginning and, one d#yrebefore or when the Sun dies down,
all will end. First, the Earth had to cool suféiotly for its atmosphere to outgas, its
oceans to condense and its crust to solidify. @my could these novel material
structures respond to the solar and core energlg loa them by self-organising from
what might be called disordered dissipation inegbrts of material-circulating, energy-
dissipating systems described above. Looked attbegiime scale of geological eons,
the rate at which energy has been and will bephs$sd by Earth’s material-energy cycles
will increase from zero, peak, and then declin&kliazero.

But, looked at on shorter timescales, includingtitmescale of human affairs, the rate at
which energy is dissipated in any of these cydlesdates around an effectively-constant
trend value. Like true love, the course of Earttysles does not run smooth. Even if
there were no variability in the solar and geotharmputs driving global cycles, there
would still be a degree of intrinsic variability aycle behaviour, i.e. in fluxes along the
transport paths between reservoirs, droughts famgke. For much of the time, each
cycle will be similar to but not quite the sametas cycles preceding and following it. In
the language of dynamic systems theory, as we sealbelow, such ‘self-similar’

cycling is characteristic of the behaviour of ategswhich is being spontaneously drawn
towards astrange attractoralso known as ehaotic attractor

At other times, under the influence of somewhadadisturbances in a cycle’s material-
energy sources it will temporarily move away frdmstnormal’ dynamic-equilibrium
behaviour. And, less frequently, under the infeenf even larger disturbances, the
cycle will breach ité1omeostatic limitendself-organisanto a distinctly different

network of fluxes between reservoirs, e.g. settipghew paths, new reservoirs (see
below). As a general rule then, Earth’s dissigatystems are stable in the sense that
when environmental conditions change, and staygdrdrthey transit to and then tend to
remain in a new dynamic equilibrium, more or leifetent from their previous stafé.

All sorts of disturbances

Both solar and geothermal inputs into global cyebesibit random and periodic
(oscillatory) variability. Oscillations in flow tas through global cycles caused by
(entrained by) oscillations in insolation (radiatimtensity) range from daily (e.g. sea
breezes) and yearly (e.g. seasonal rainfall) tdirmillennial (e.g. ice ages). Indeed,
linked to the rotation of the galaxy, there mightdi least one 250 million year insolation

38 Strahler, A.N., and Strahler, A.H., 1997, ibid.
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cycle. Atthe other extreme, while sunspot cyelesperiodic, solar flares (storms on the
Sun’s surface) appear to be randomly variable.

Variations in circulation rates can also be dumteractions between cycles, for
example, their coevolution as described above . odgditput and circulation rates also
vary when energy and materials leak from or arertidd from one cycle into another.
For example, much water is removed from the hydjcloycle when tectonic plates
slide over each other.

Conversely, materials can temporarily accumulateni& or more reservoirs of a cycle,
e.g. rising sea level. Insrongly-buffered cycléhe rate at which material-energy is
moving through the cycle is small relative to therage capacities of the cycle’s
reservoirs. This usually means that changes outirput in one part of the cycle take a
long time to affect other parts of the cycle; tigetem is insensitive in the sense of being
slow to respond to a given change in input rateBor example, the oceans have a
massive capacity to store thermal energy (heat)@mder contemporary global warming,
are taking a long time to heat up to the point whheir circulation patterns will change.
Similarly, the planet’s ice caps are buffers whiaim expand and contract enormously
with variations in heat flow from the tropics. @nother example, variations in river
flow due to varying rainfall are smoothed out whenge falls are temporarily intercepted
and stored in the landscape’s soils and waterbodiégmately, a cycle can only proceed
at the processing rate of its slowest link.

Importance of self-reinforcing and self-correctiegdback processes

Feedback processésve underlain much of the historical variatiorprocessing rates
exhibited by global cycles. They are processeshylat higher or lower rates than is
‘normal,” either deplete or augment stocks of matsistored in particular reservoirs.
Alternatively, they are processes which act to re¥esome initial change. In a feedback
process some initial causal disturbance (changa)siock level is, subsequently, either
amplified (positive or self-reinforcing feedback)adampened (negative or self-correcting
feedback) by the very effect that it produces. itResfeedback processes are also called
autocatalyticor self-catalysing processes. In some cases diyieedback the rate of
change may keep increasing until it encountergrat’lof some sort. Negative feedback
processes are also calledmeostatiprocesses if they result in the system being metir
to a previous steady statelmmeorhetiavhen they return the system to a prior trend or
developmental path, e.g. long-term increases (dsesy in sea level, atmospheric carbon
dioxide, atmospheric oxygerComplexs a useful term for describing systems containing
multiple feedback processes.

All feedback processes are examplesiafular causationi.e. process A affects process
B affects process C...affects processHor example, in the positive feedback process
which produces ‘runaway’ global warming, a smadirease in greenhouse gases (e.g.
from volcanic eruptions) allows the Earth to wannitte ‘threshold’ point where
greenhouse gases trapped in ocean sediments, pestrizds etc are released into the
atmosphere.

39 Strahler, A.N. and Strahler, A.H., 1973, p.16
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A contrasting example of circular causation isghecess which has occasionally led to
an ‘icehouse Earth’: an initial disturbance whidols the Earth enough to increase its
area of surface ice can trigger ‘runaway’ coolingew the newly formed ice reflects
rather than absorbs solar energy, and that of ede&sls to further cooling and more
surface ice. Over the life of the Earth, the nspsictacular examples of positive
feedback in global mass-energy cycles have peibeqs three occasions (600 Mya, 750
Mya and 2.3 Ga) when the Earth, including the os¢ara depth of at least a km, has
been largely frozen. It is thought that, followiag initial period of cooling triggered by
declining CQ levels or increasing oxygen levels, glaciers sealice, which reflect solar
energy back into space, expanded to the point whetteer cooling followed. Every
movement of the ice front towards the equator reduat an increasing rate, the amount
of solar energy absorbed by the Earth’s surfacesaridduced more glaciation. Each
time this ‘runaway ‘ process had led to a ‘Snowkaltth’ the planet has remained frozen
for 7-10 myrs until, plausibly, the steady relea6€0O, from volcanoes restored the
atmosphere’s capacity to trap heat from the Sunafloded the Earth to warm again----
another good example of the coevolution of Eanthéderial-energy cycles.

All positive feedback processes have a common nmestman that they use the energy
they are processing to create stable structuregiantic processes which increase the
likelihood that they will capture even more enefgy, in some cases, such as ‘snowball
Earth’ scenarios, even less). A plant which uggd Energy to make light-capturing
leaves is a clear-cut example.

Another shared property of positive feedback preegss that they always come to an
end. This might be because of energy or feedstboktages or because cumulative
change in the system experiencing positive feedbégiers ‘corrective’ feedback
processes which halt or reverse the cumulatinggdgrerhaps by diverting materials
elsewhere.

In the runaway-warming example, the supply of texp@Q could either be exhausted
directly or the accumulation of atmospheric Qgight, in raising temperatures, speed up
negative feedback processes which remove f@n the atmosphere. Specifically, as
temperatures rise, much €8 removed from the atmosphere because @Oarbonic
acid, is an agent in rock weathering and rock weratig takes place more rapidly at
higher temperatures. So, under negative feedlstmék-accumulation processes trigger
or enhance countervailing depletion processes.c@wersely, depletion processes
trigger countervailing accumulation processeseitiner case, negative feedback
processes decline as the system returns towargeeHdisturbance steady state.

Succinctly then, global cycles respond in differealys to small and large, temporary
and ongoing, additions to and withdrawals fromrtheaterial-energy supplies. Small
pulses, whether internally or externally generaéed,accommodated by variations in
flow rates within the existing structure of patimslaeservoirs, perhaps transmitting the
pulse through a hierarchy of cycles superimposedyoles. When the pulse is over, the
cycles’ behaviours tend to revert to the self-amdynamic equilibria in place prior to
disturbance.

Large, but not disruptively large, pulses of addli&il material-energy which cannot be
accommodated within existing structures tend toata the budding off of new
dissipative structures which grow through posifeedback till all the additional inputs
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are being processed. If the flow of additionalutsppersists however, the new structures
tend to persist too. Conversely, if large quagsibf energy and materials are withdrawn,
then parts of the system’s structure and organisatill necessarily close down, e.g.
plant growth ceases during ‘volcanic winters’.

Perhaps the more general point here is that wlddldack processes within any global
cycle always come to an end, they can open ané ¢amsivate) all sorts of dissipative
paths on the way to that end. This is because &ggrthere is a change in the material-
energy entering or leaving one cycle there must berresponding change in another
cycle (or in another part of the same cycle)s khis reciprocal relationship which
ultimately underlies interaction between and coetroh among global cycles. The
metaphor that comes to mind is that of a great Guéting new channels while
abandoning and silting up existing channels aseiuictably descends to the sea.

Early Earth was a self-organising dissipative syste

Let us now expand on the single most powerful mleslable for explaining year-to-year
and place-to-place variations in the circulatiolesaand kinetic (material flow) pathways
of global materials (water, rock, magma, minergéses etc) in the pre-biotic world,
namely,self-organisation.It is a concept which has much in common witdeied
subsumes, the idea emergencegintroduced above to describe how the pathways
available for dissipating the universe’s energyngeal dramatically over the universe’s
first few billion years. Thus, we talked of the seqtial emergence of matter, galaxies,
stars and planets. While the term ‘emergencedmsetimes restricted to describing only
these sorts of major changes in system organmsatmiably the rate of processing
energy, it will be convenient for present purpasesegard any system which is the result
of a dissipative system having spontaneously resasgd, wholly or partly, as being
emergent, i.e. as having emerged from its prevoaungiguration.

Think of the Earth as a single large (by our statsleenergy-dissipating system. Like
most, dissipative systems, the Earth has a captacdycle and dissipate the matter and
energy passing through it in a variety of ways,aheling on its current structure and
organisation and on the form and delivery ratehefdystem’s energy inputs. In practice,
the Earth’s material inputs from, and outputs pace have been minimal since it was
first formed and can be ignored, i.e. the Earthiesygs effectively closed to material
flows but open to energy flows.

Any dissipative (energy degrading) system is sagktf-organisevhen it spontaneously
(i.e., without being obviously triggered or, morzarately, triggered by an extremely
small fluctuation (noise) in energy flow) changesplly or partly, from using one set of
paths and reservoirs for cycling energy and mdsettausing a somewhat different set of
paths. That is, the system re-organises itself foomform of organisation to another. As
its temperature fell below its melting point, therlg Earth self-organised or, as | prefer,
self-re-organised in a major way; it changed fraamb a homogeneous molten sphere
losing thermal energy by conduction to being adrighical set of interwoven material-
energy cycles, ranging from the 500 million yegrexgontinent cycle to daily weather
cycles. Once the planet cooled enough to allowoaprhere and ocean to form, thermal
energy could thereafter be transported by cohéoeganised) convection currents as
well as incoherent conduction to the planet’'s ss@faln accordance with the principle of
maximum entropy production (see Appendix to thigthr), the cyclic mode, being the
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better entropy producer, was spontaneously selestélde planet’s main mechanism for
dissipating energy via the hydrosphere, lithosphecatmosphere.

Very approximately, the self-organising Earth, taks a whole, is, like a pan of gently
simmering water, ateady state systenThe two main ways of dissipating solar and core
energy are the transfer of heat energy from théhEBasurface to the upper atmosphere
and from tropical to polar oceans. Despite a hystd fluctuating flows through these

and the other global material-energy cycles ofithesphere, hydrosphere and
atmosphere, the Earth has stayed in approximatgyhbalance for four billion years.
That is, despite variations in solar and core energuts, global surface temperature---
the most important characteristic of the climatbas almost always remained in the
comparatively narrow range of 10-20 degrees Cpthsent average is 15 degree€ C.
For example, the Sun was less bright in the digtast and has since intensified by about
25 per cent.

There will always be some imbalance between enleegyg absorbed and energy being
dissipated. Since 1850, for example, additionebiming energy (e.g. from fossil fuel
use) has exceeded additional outgoing energy by\as per sq m of the Earth’s
surface, with a large fraction of this excess gaimig heating the oceans. Another
example: some 250 Mya the Earth warmed to the pdietre the temperature difference
between equator and poles was insufficient to ereanvection currents in the single
global ocean surrounding the then supercontinearid@a) and, as this unstirred ocean
stagnated, its oxygen level fell to the point wh@Beper cent of all marine species died
out. Many fear that this could happen again urdatemporary global warming.

Whether or not the Earth would have stayed in $igttt energy balance, maintained
such a constant entropy content, if life had naiwd is an open question which will be
explored presently. We will see that the globaldmjical cycle has incorporated a
number of powerful positive and negative feedbackcesses which did not exist in the
period when all the planet’s dissipative processe® purely physical, a period which
started to end about four Bya.. One modelling@gersuggests that, without its
biosphere, the global dissipative system wouldrbéte, unpredictably, to one of two
stable states with surface temperatures of @@ + 400C respectively?

An appendix to this chapter (More on Self-orgargsgystems) discusses how the quirky
behaviours of self-organising systems can be bettderstood by using concepts from
the theory ohon-linear dynamic systemst also expands on the relatively new idea that
dissipative systems which are not confined to aeady state will tend to evolve to a
state which maximizes the rate at which they predem@ropy.

EVOLUTION OF LIFE AND THE ECOSPHERE
The story of the evolution of the physical univeugeto the time when it became possible

for Earth-style life to evolve has been cast imgof flows of energy and matter through

40 Gorshkov, V.V., Gorshkov, V.G., et al., 1999, Biotic Control of the Environment, Russian
Journal of Ecology,. 30 (2) pp.87—96.
41 Gorshkov, V.V., Gorshkov, V.G., et al, 1999, 1bid.
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an evolving hierarchy of open systems. It is spective we will continue to draw on as
we extend the evolutionary story to life and thesghere. It is a beautiful illustration of
the concept opath dependendyvhere you can go depends on where you have hiesn)
Earth-life as we know it could not have evolvedha absence of any of the following
necessary physical conditioffs:

A stable parent star (the Sun), not too close éactintre of the galaxy where radiation is
high and not too far out where metals are not prtasesufficient quantity for planet
formation.

A ‘right size’ parent star (if the Sun had beenp&0 cent larger, it would have burnt out
in 4 billion years).

Earth being formed in a ‘goldilocks’ orbit arourieetSun (neither too close and too hot
nor too distant and too cold for carbon-based.life)

Earth’s moon being of the right size to stabiliseaingle of tilt (and hence stabilise its
seasons and ocean basins).

More debatably, Earth’s location near a large gléhgpiter) has provided it with a
protective gravitational shield.

While physical conditions in the atmosphere, thérbgphere (oceans and other bodies of
water) and the lithosphere (solid outer surfacthefplanet) have changed continuously,
markedly and variously since those times, and timelicions under which life can persist
have also changed as life has evolved, it hasgs@lkently, never become impossible for
life to survive. The question we are not askingehe whether another form of life,
different from the carbon-based, water-based, DMdAeld form that we know, would

have evolved if the above ‘necessary’ conditiors i@t been met.

By ¢.4400-4100 Mya the Earth had cooled sufficiefdl the continental plates to form
and for the oceans to condense from water vapadineiatmosphere. That is, conditions
had become such that the evolution of carbon-bfgadas no longer impossible. And,
in the event, life did evolve, presumably some tleére the dates attributed to the
oldest microfossils, namely ¢.3800 Mya. These geamhergent types of dissipative
systems, the first unambiguous life forms, werepitedaryotegfor simplicity. | will
include the related groufsrchaeaunder this heading).These simple single-celledeb&c
captured energy either (1) by fermenfihthe ocean’s stock of energy-rich organic
compounds which had been accumulating naturallgroanaerobic (oxygen-free) Earth
or (2) by a process @naerobic photosynthesise. sunlight energy triggers the release of
chemical energy locked up in hydrogen sulphidgSjHand then, by combining hydrogen
and atmospheric carbon dioxide, storing that enénglyouse’ as carbohydrate (c.3200
Mya). Molecular-scale waste products (metabolitesy fermentation and
photosynthesis processes would have accumulatidé@ ienvironment until lines of cells
evolved that were able to use these wastes fardlagi metabolism.

42 Ward, P., and Brownlee, D., 2000, Rare Farth- Why Complex Life Is Uncommon in the
Universe, Copernicus Press, New York

43 Fermentation is the energy-yielding anaerobic (i.e, no net oxidation) breakdown of a
nutrient molecule, such as glucose.
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With this plausible-enough development, the fiestientation-based trophic chains
(food chains) emerged, bringing with them the aygbf various chemical elemerifs.
These were the firgcosystems.e. dissipative systems characterised by theycling of
matter between genetically-different groups of aigas. While there is some evidence
of an additional process of aerobic (oxygen praag)cphotosynthesis (by
Cyanobacterijihaving evolved by, say, ¢.2700 MYt was not until ¢.2200 Mya that
oxygen levels in the atmosphere began to rise. atlivent of aerobic photosynthesis, the
process which uses light energy to split hydrogewxide (water) rather than hydrogen
sulphide, allowed prokaryote populations to expdrainatically insofar as they were
now independent of the ocean’s relatively smaltisecks of hydrogen sulphide and
fermentable organic molecules.

Just another global cycle?

From the perspective of seeing the globe as aesttigbipative system, the emergence
and proliferation of life can be viewed as an etaktion of the geochemical pathways by
which various sorts of molecules were already beyded through the pre-biotic global
system. In particular, since organisms are largedge of molecules containing atoms of
carbon, hydrogen, oxygen, and nitrogen, it is tissigation of energy during the cycling
of these, plus phosphorus, sulphur, iron and sdrae€’ elements, which is of interest.

Since life has been described as ‘just carbon céteyhilet us take the example of
carbon. The main pre-biotic carbon cycle involteel movement of COfrom
atmosphere to lithosphere (captured during rockhezeng) and hydrosphere (by
dissolution and precipitation) and then to the uppantle (via subduction) from whence
it was eventually returned to the atmosphere dwalganic activity. But, as suggested
above, it can also be plausibly argued, from sinsplemistry principles, that as the time
of life’s emergence approached, a wide range dfaacontaining (i.e. organic)
molecules (e.g. polycyclic aromatic hydrocarbomsin® acids) could have been
repeatedly synthesised and destroyed in the highggrconditions of the then
atmosphere and oceans, including perhaps the eisvifoundersea hydrothermal (hot
water) vents. That is, carbon was being cycled amolecular scale as well as a ‘macro’
scale. From a planetary perspective, fermentati@uch compounds by prokaryotes is
just a further way of dissipating the energy lockgdn this stock of organic molecules.

Most sorts of complex molecules contain less freer@y than is collectively contained in
their components and so, in accord with the cosmperative (or the second law of
thermodynamics if you prefer), they tend to forrorgjaneously when their components
are all present and, once formed, tend to be stafay such molecule is said to be in a
potential well or free-energy well, meaning thadudse of externally applieactivation
energyis required to dissociate or break it up againchsassociative (coming together)
reactions are calleeixothermigheat producing, energy-releasing) and produa®pyin
the form of heat. The stable products formed arkeling blocks for the static (cf.

44 Guerrero, R, 1998, Crucial Crises in Biology: Life in the Deep Biosphere, Internl.
Microbiol., 1, pp.285-94.
45 Knoll, A., 2003, Life on a Young Planet: The First Three Billion Years of Evolution on

Farth, Princeton University Press, New Jersey
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kinetic) structures produced, to some extent, bgtrobEarth’s dissipative systems.
Crustal minerals are a good example.

Other complex molecules contain more free energy th collectively contained in their
components and so do not form spontaneously. Toreiration requires aandothermic
(energy-absorbing) reaction, one in which the comepts are forced to bond together
under the influence of an outside energy sourdas dan happen in various ways, none
of which violate the second law---as would hapgehere were nmetproduction of
entropy. For example, they can be formed diraatlyigh-temperature high-energy
environments. Thus, in the absence of an atmogpbsone layer, ultraviolet radiation
would have been intense in pre-biotic times. @ytban be formed with the help of
catalyst molecules which allow the required endagye provided in several small pulses
rather than one large pulse. Or they can be forimedvironments where the outside
energy required to force the components togetheraiwn from a ‘coupled’ exothermic
reaction proceeding in parallel with the ‘thermodgmcally forbidden’ endothermic
reaction. Here, entropy lost during the endothemsaction has to be less than entropy
gained during the exothermic reaction if the codpksaction is to proceedCouplingis
the way CQ s converted into organic compounds in plantshtuld be noted that
knowing a reaction to be thermodynamically favowsags nothing about the rate at
which that reaction will proceed; that is the prae ofchemical kinetics

Once formed, such molecules tend to dissociatetapeausly or, alternatively, when
energised sufficiently by a pulse of activationrgiye can react with certain other
molecules (commonly oxygen), to form low-energydarcts (commonly oxides). Most
reactions which proceed spontaneously after bdiog-started’ do so because the
reaction itself generates the very conditions wihailbbw the reaction to continue, e.g. a
burning candle produces sufficient heat to vaparsee wax and raise its temperature to
ignition point.

To the extent that complex high energy moleculesweing formed and broken down
into component atoms or smaller molecules, thesgooents were being cycled and
were as much part, a small part though, of preibpte-life) global cycling as other
physico-chemical processes. Most importantlyheextent that complex and high-
energy molecules were being formed faster than wWerg being destroyed, the sort of
rich molecular ‘soup’ from which, it is argued di€ould have emerged was being
accumulated. Remember that the pre-biotic Earthah@ducing atmosphere---
hydrogen-rich and oxygen-poor. The Earth had eadto contain an environment in
which a new sort of self-organising system couletega. The evolutionary stage was
being set for a self-organised transition from ciséiy to biochemistry and from
geochemistry to biogeochemistry.

Biogeochemical cycles

Biogeochemistry is the study of how biological aebchemical processes affect the
global-scale cycling of chemical elements. Wela@agning that there are few large-scale
chemical reactions on Earth that are not somehteetafd, promoted, or catalysed by
living organisms. And that the physical, chemieald biological processes responsible
for the composition of the atmosphere, oceanss,saild sediments are intricately linked.
The overall reason for this, as we shall see,aslithing organisms capture and store
energy---the basic process in the biological cyaleways that allow it to be
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subsequently used to overcome thermodynamic ertengiers and to activate reactions.
After life appeared, the Earth’s geochemical cyclasid begin to diversify into new
pathways, including more rapid weatherfignd did so to the extent that this increased
global entropy production.

Biogeochemists can reconstruct the history of tleatgcarbon reservoirs in the crust of
the Earth, the limestones and the coal depositsglsas the distribution of nitrate and
phosphate in the ocean. They find explanationfercomposition of the atmosphere
(nitrogen, oxygen, trace gases etc.) in bactec@bia and photosynthesis. And they
record the changes over evolutionary time in theds of materials between the
biosphere (meaning all of life), lithosphere, atple=re and hydrosphere, e.g. the decay
of organic matter in soils and the resulting red¢eafsgases into the air; the uptake of
oxygen by the ocean and its utilisation at deprdl; the leaching of nutrients from the
soil and their transport into the sea.

The increase in atmospheric oxygen since life beg@gests a corresponding increase in
Earth’s rate of entropy production and a progressaduction in the planet’'s entropy
content. Insofar as a more ordered system meanprogessing more energy, the latter
two go together. Chemically speaking, atmosphemnit oceanic conditions have changed
from reducing (3.8 Ga) to mildly oxidative (2 Ga)dtrongly oxidative today.

More broadly, biogeochemistry views the mix of dynasystems near the surface of
Earth as collectively self-maintaining---the outp(ftvaste’ products) from one sphere
become the inputs for another. For example, asdkan takes up oxygen (the waste
product of plants) it releases an equivalent amotinarbon dioxide (the waste product
of decay but the stuff of growth for plants). Oalérit seems clear that, for a long time,
the Earth has been a dissipative self-organisisteayin a (slowly changing) dynamic
equilibrium. Its behaviour suggests a system Vailhg the trajectory of a chaotic
attractor or, very approximately, and dependingoe’s time frame, a system in a steady
state where, plausibly, entropy is being produdedraaximum rate. As well as its
roughly constant surface temperature, the Eagtaisle with respect to atmospheric and
oceanic composition and crustal acidity and chehaiganposition. On the other hand,
while still small in energy processing terms, nekato Earth’s other global dissipative
systems, life has experienced great changes igetimoughput and standing biomass---
the mass of Earth’s biota (all its organisms) Imasgased perhaps 20-fold in the 600
myrs since the Cambrian peridd.

While many of the feedback processes which mairttagnstability are biological, this
does not make the Earth a homeostatic living ogyars posited by the ‘strong’ version
of James Lovelock’s ‘Gaia hypothest&’.For example, living organisms have a tendency

“® Minik T., Rosing, D., et al, 2006, The Rise of Continents—An Essay on the Geologic
Consequences of Photosynthesis, Palaeogeography, Palacoclimatology, Palaeoecology , 232,
pp.99-113

a1 Wesley, J.P., 1989, Life and Thermodynamic Ordering of the Earth's Surface, Evolutionary
Theory, 9, pp.45-56.

48 Lovelock, J.,1995, The Ages of Gaia® A Biography of Our Living FEarth, Norton, New York
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to replicate. It suffices to say that life contribs massively to creating and maintaining
environmental conditions under which it can andénadved to survive.

Coevolution of the Earth and its ecosystems

Just as it is useful to expand the use of the &rofutionbeyond its familiar biological
context, to encompass temporal changes in the ptmeos, the lithosphere and the
sociosphere, it is useful to use the t@wevolutionto describe, not just the way in which
biological species evolve in response to changeigction pressuresom other species,
but to encompass the variety of ways in which etfuin one dissipative system
triggers evolutionary change in (a) another pathefsame system or (b) in another
dissipative system. Thus, coevolution also inctudehavioural and genetic responses to
changes in the abiotic (non-biological) environmelRor example, animals adapting to a
cooling climate also, through their adaptive bebarie.g.digging shelters), reorganise
the abiotic environment, at least locally---a psxeallechiche constructioft® From

this perspective, there are two causal processegintion---natural selection of the
organism by the niche and ongoing constructiomefrtiche by the organism. From their
parents, organisms receive both a genetic inhestand an environmental inheritance.
And, as earlier noted, coevolution also includegsptal interdependencies such as the
interaction of the geological and meteorologicalley.

On early Earth, life and the physical environmergwolved in several ways which led,
first, to accelerated global cooling and, secoadards an equilibrium global
temperature which was also optimal for the ratprotiuction of entropy by the
biosphere? One of these was the way in which marine plankdiifting
microorganisms) trigger extensive cloud formatidmak leads the Earth to cool by
reflecting sunlight more effectively than the oceasurface. This surprising effect is
caused by the releasedifmethyl sulphidenolecules to the atmosphere by plankton
populations. Derivatives of these molecules becousei around which water vapour
condenses to form clouds. The coevolutionary feekidgereafter would have been an
increased selection pressure on subsequent gemasrafi plankton to adapt to the cooler
temperatures, leading to higher levels of plankémd even cooler temperatures!

A second form of large-scale coevolution, once ioemts had formed to a significant
extent, might have been an amplification of roclatering by bacterial action, leading
to cooling associated with the removal of heatgag CQ from the atmosphere. At a
later date, the biosphere-atmosphere cycle becanmected to the rock cycle by the
roots of plants. Roots deliver G@Qeep into soil where its combines with water tkena
carbonic acid which attacks calcium silicate inkrte yield calcium carbonate and clay.
The calcium carbonate can then be transportedunico to the oceans where it can be
dumped out as limestone. Thus the rate and deatsiifrich plant roots penetrate soil is a
major control of weathering rates and of the rdt€®, removal from the atmospheté.

49 Sterelny, K., 2005, Made by Each Other: Organisms and their Environment, Biology and
Philosophy, 20, pp.20-36.

50 Staley, M, 2002, Darwinian Selection Leads to Gaia, . Theor. Biol, 218, pp.35-46

51 Falkowski, P.G., Fenchel, T.F., and Delong, F., 2008, The Microbial Engines that Drive
Earth's Biogeochemical Cycles, Science, 320, No. 5879, pp.1034-1039
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The ideas of coevolution and evolution are impdrtaals for imposing meaning
(connections, generalisations, synopses) on thddermg kaleidoscope of ceaseless
change in the physical Earth and its ecosystems threcEarth cooled to the point where
life could emerge. For the remainder of this chgpny task is to provide a plausible-
enough, albeit drastically-condensed, version isfstory to serve as a foundation for
appreciating the evolution of modern humans anil soeieties (Chapters 2-4).

Archean Eon (3.8-2.5 Ga) Emergence of life and gene

There is no standard model for the emergenceetbfthere is for cosmologyhe
chain(s) of spontaneous causes and effects andga@nts which resulted in the
appearance and proliferation of free-floating seacgll prokaryotic organisms of various
‘species’ in Earth’s hot (90 degrees C) and orgalyigich Archean seas remains a
matter for speculation and scientific debate. Nibistanding, because of the presence of
the same core biochemical pathways in all life forthe idea that all life forms had a
single common ancestor is accepted. For presepbpes, we can also accept as a
working hypothesis that the first recognisable prghtic cells were ‘self-assembled’
from various pre-existing components, includingtbea-sizedprotocells--vesicles with
an aqueous core enclosed by a semi-permeable meerbeand self-replicating
macromolecules of (plausibly) RNA (ribonucleic gcid

This is not the place to dissect either this eralative hypothesed but it is worth

noting that some version of RNA is found in allitig and fossil cells, from the earliest
bacteria to the human brain. The suppositionas ®dhce RNA had emerged, it was
extraordinarily successful in assisting in the stalvand replication of any protocell it
occupied. In particular, it can be argued thatRhNA molecule eventually catalysed the
formation of the self-replicating DNA (deoxyriborai acid) molecule, this being the
polymer (chain of molecules) which, in most fornidife, carries the templates, the
geneswhich guide the assembly of all the structural anzyme proteins that cells have
come to need to survive reasonably welCertainly it has been shown that some RNA
sequences have catalytic capabilities and cansguilgmerasesthese being enzymes
that can assemble a strand of RNA from its compbnecieotides (monomers). Which is
what self-replication means. Conceptually, any paa self-replicating molecule which
also catalyses the production of any sort of savenhancing molecule is, in effect, a
gene.

Based on available evidence, a reasonable congeicttinatiposomesbacteria-sized
vesicles enclosed by phospholipid membranes, wareally present in the prebiotic
seas and that cyclical systems of replicating atalytic macromolecul8$could have
become encapsulated in swelsicles. Membranes constructed from the ‘rigipids

52 Segré, D., and Lancet, D., 2000, Composing Life, EMBO Reports 1 (3), pp.217-222.

53 RNA would have been replaced by DNA because the latter is more stable, i.e. able to
support longer genomes and, with that, more versatile organisms. It is possible that there
was a phase, early in biological evolution, when the prokaryote genome (its pool of genes)
consisted of unlinked RNA genes, each separately replicated..

% |n such systems, calleditocatalytic setsevery molecule is either ‘feedstock’ from theiesvment or
synthesised by reactions catalysed by speciesnititiei system.
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allow ions from the external environment to perragato the protocell at a sufficient
rate to provide a supply of monomésthe vesicle’s enzymes, the result being that
nucleic acids accumulate in the vesicles, safe fl@persion. The physical chemistry of
liposome membranes is also such as to controhtistion of various nutrient molecules
from the environment.

Then and now, prokaryotes reproduced throaggxual reproductiagrusually by splitting
in two when they had grown to a critical size aichtthey became unstabie.Initially,
each daughter cell contained a random share gfatent cell’'s genetic material, a share
which would not necessarily be adequate to ensigrdaughter cell’s viability. Genetic
recombination and exchange between organisms pyobeturred, but in the form of
‘horizontal’ gene transfere.g. when two small prokaryotes collide and mergeleed,
this may have been the principal form of evoluti@fiore the ‘invention’ ofvertical’

gene transfem which a copy of the parent’'s DNA or RNA goestich daughter cell.
There may even have been a common global geneapda core global gene ¥et
before vertical gene transfer allowed the earlkargotes to evolve into different genetic
strains, some of which reproduced more abundamdly bthers, depending on the
characteristics of the ocean niche or habitat beguypied, e.qg. its temperature, salinity,
light regime, prevailing currents and availablerimnts®’ That is, natural selection, as
first postulated by Darwin and Wallace, had begun.

Mutationswere, presumably, a further source of geneticabdity in the early
prokaryotes. Sometimes, when self-replicating odeoule can experience a copying
mistake or mutation which, without destroying thelecule’s tendency to self-replicate,
does give it a capacity to catalyse the produabiom new type of enzyme or protein
which, in the right environment, improves the suaViprospects of that type of
prokaryote. Populations of cells that have sudadtgsncorporated a new mutation will
tend to expand relative to other populations

Respirationis the process by which cells convert the enemghé chemical bonds of
ingested and/or photosynthesised food moleculgs gkicose, stored starch) into ATP
(adenosine triphosphate), a multi-purpose energyrgt molecule that prokaryote cells
use to grow and maintain themselves. For exarnttpephosphorylation by ATP of
amino acids and nucleotides primes (energises) thepolymerization (chaining) into
polypeptides (short proteins) and polynucleotitfes.

55 Swenson, R., and Turvey, M, 1991, 1b1d.

56 Although there is enormous genetic diversity in nature, there remains a relatively stable
set of core genes coding for the major redox reactions essential for life and biogeochemical
cycles. Falkowski, Fenchel and Delong (ibid., 2008) argue that this set is so widespread in
microorganisms that if all higher life forms were to disappear, life would simply ‘reboot’ from
the core microbial gene set.

57 Woese, C.R., 2002, On the Evolution of Cells, PNAS, 99 (13), pp.8742-8747.

%8 Weber, B.H., 1998, Emergence of Life and BiolobBalection from the Perspective of Complex
Systems Dynamics, In G. Van de Vijver, S.N. Sathd M. Delpos (Eds.Evolutionary Systems:
Biological and Epistemological Perspectives on &&e and Self-Organizatign Dordrecht: Kluwer,
1998, pp.59-66
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At some stage, around the end of the Archean peylia@ respiration process in
prokaryotes underwent a giant evolutionary leamprafbeing anaerobic to being aerobic:
It may have been in the cyanobacteria, the grouphwiirst (?) evolved aerobic
photosynthesis, that a capacity emerged for ingatpay oxygen (the by-product of
aerobic photosynthesis) into a complex seriesadtrens which produced far more ATP
per food molecule than anaerobic respiration (@aclecule of oxygen also produced a
molecule of CQ). It was the acquisition of aerobic respiratiow @erobic
photosynthesis which ultimately provided prokaryptgulations with the abundant
supplies of food and energy that would supporetentual evolution océukaryotesthe
larger and more complex unicellular (single cetanisms from which all multicellular
plants and animals would eventually evolve.

The end of the Archean was also the time when catirel photosynthetic activity was
beginning to lift free-oxygen levels in the oceansl the atmosphere and, in the process,
destroying essential enzyme systems in many typasagrobic organisms. In oceans
and freshwater lakes, until about 2.5 Ga, dissoteadien was triggering the

precipitation of abundantly- available iron as tixédes which today constitute the
world’s iron ore deposits. In the atmosphere,l@itout 2.4 Ga, most free oxygen went
towards oxidising volcanic hydrogen sulphide andiaee. Thereafter, over about 100
million years, atmospheric oxygen levels rose towltwo per cent, the beginning of a
massive shift to the highly oxidizing conditiond (@er cent) that prevail today.

Proterozoic Eon (2500-542Mya) Eukaryotes, colonissy, multicellularity

The rise in atmospheric oxygen around the beginafrie Proterozoic can be further
explained, perhaps, by the ‘supercontinent effe&h’elegant paper by lan Campbell and
Charlotte Allen in 2008 shows that, since the Aeshetmospheric oxygen has risen in
steps or jumps and that these co-occur with amagans of Earth's land masses into
supercontinent®’ They suggest that the continent—continent cotisicequired to form
supercontinents produced supermountains (sic) wémiatied particularly quickly,
flushing CQ from the atmosphere and releasing large quantfigsowth-limiting
nutrients such as iron and phosphorus into thersce@his led, each time, to a
proliferation of algae and cyanobacteria, and &ethincrease in photosynthesis, and
photosynthetically-produced oxygen. Converseameed sedimentation during these
periods promoted the burial of a high fractionrohi sulphide and organically-produced
carbon, thus blocking their reaction with free oaggand leading to sustained increases
in atmospheric oxygen and decreases in atmospGexic

Snowball Earths a vivid metaphor for a world where the oceamesdeep-frozen and
glaciation extends to the equator. It is alsorao&cal example of coevolution of the
biosphere, the atmosphere and the hydrospheraotéd earlier, the three occasions
when this has happened in Earth’s history have h#@dbuted to a positive feedback
process powerful enough to flip the global dissygsystem from one ‘basin of
attraction’ to another, a process initiated by fidgantly large loss of ‘Earth-warming’
greenhouse gases from the atmosphere. For theb@idwarth event at the beginning of

59 Des Marais, D.d., 1997, Long-term Evolution of the Biogeochemical Carbon Cycle, In J. F.
Banfield and K. H. Nielsen, (Eds.), Geomicrobiology- Interaction between Microbes and
Minerals, Mineralogical Society of America, Washington, D.C., pp.429-448.

60 Campbell, I.H. and Allen, C.M., 2008, ibid.
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the Proterozoic (2.3 Ga) it is now thought thathmee was the lost greenhouse gas,
stripped from the atmosphere in the oxidising ctods created by the buildup of
atmospheric oxygen generated during photosyntfisi$e fossil record covering the
Snowball events at 750 and 600 Mya suggests thaettid not affect the diversity and
distribution of (unicellular) lif€ and we might hypothesise the same for the ealient.

The name Proterozoic, from the Greek ‘earlier’lifienotes a period preceding the first
abundant complex (sic) life on Earth, where ‘compie taken to mean hard-bodied
multicellular organisms. Up to a billion yearssya thousand megayears, of the
Proterozoic Eon had to pass before eukaryotes kEmgle-celled organisms containing a
membrane-encloseaticleusand other novel structures, particularijtochondriaand
chloroplasts appeared in numbers alongside prokaryotes innm&cosystems.

Meanwhile, prokaryotes continued to evolve by reltaelection. While continuing to
reproduce asexually, many evolved to have theiegematerial, their DNA as it had
become, organised into a single circular chromosoconaining a single copy of each
gene and a little repetitive (‘junk’) DNA. Someoss (e.g. spirochaetes) developed
flagellae (propeller tendrils) and becammotile, i.e. able to move towards food or more
equable environmental conditions. This obligat&itig of a motor (movement) response
to an environmental stimulus has kept re-appeanimgcreasingly complex ways through
subsequent evolutionary history, e.g. instinctigbdviour in animals, human agency.

Nitrogen, an essential component of the proteiasvetich all life forms must synthesise,
was present in quantity in the Proterozoic atmosgphat not in a form which
microorganisms could use. Sometime after the $rsiwball Earth event, perhaps 2.2
Ga, prokaryotes, probably cyanobacteria, evolvedpacity to ‘fix’ atmospheric nitrogen
into biologically available forms---such as nitrated ammonia---and thereby decreased
their dependence on the supply of these nutriehtshahad hitherto been produced as
by-products of lightning discharges.

Notwithstanding, this development may have beenmaaclier. There is evidence that,
early in the Archean, cyanobacteria evolved a daptcform multicellular “filaments’

or strings of connected cells, some of which firédogen and were anaerobes while
others were aerobic photosynthesigérsf this is correct, cyanobacteria were pionedrs o
not just multicellularity (see below), but alsotbé use of differentiated cells to carry out
specialist functions

The evolution of biological nitrogen fixation, anexgy—intensive process, suggests that,
at some point, the demand for fixed nitrogen exeddtle supply from abiotic sources;
but the timing and causes of the emergence of giicdb nitrogen fixation remain

unclear. Both the nitrogen ‘drought’ and life’srogen-fixing adaptive response may
have been triggered by the unmet demands of a ggopopulation of microorganisms

61 Kasting, J.F., 2005, Methane and Climate during the Precambrian Era, Precambrian
Research ,137, pp.119-129.

62 Corsetti, F., 2006, The Biotic Response to Neoproterozoic Snowball Earth,
Palaeogeography, Palaeoclimatology, Palaececology, 232 (2-4), pp.114-130.

63 Bonner, J.T., 1998, The Origins of Multicellularity, Integrative Biol., 1, pp.27-36.
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tied to a trickling supply of fixed nitrogen; or loieclining production of fixed nitrogen in
an atmosphere where G@vels were declining and oxygen levels risingyasiowly.>*

The point here is that the chemical reaction wifixds nitrogen in the atmosphere
requires the splitting of a Gnolecule at high temperature. And, illustrating
coevolution once again, the reasons,@@s being removed from the atmosphere at the
time included its increasing use in photosynthasid its increasing role in the
weathering of freshly-exposed continental rockecilRweathering, accelerated by
bacterial secretions (particularly from cyanobae)eperhaps, was already producing the
soilswréLcsh, in time, would allow plants to migrate frdakes and oceans and colonise
the land’

Creation of a life-protecting ozone layer in thpfdar) atmosphere was another far-
reaching consequence of the buildup of free oxyg@mnone, a three-atom variant of the
oxygen molecule, absorbs high-energy ultravioldiai@on which would otherwise reach
Earth’s surface and destroy any biological molezelecountered. It is synthesised from
oxygen by the very photons it dissipates. Withemubzone layer it is doubtful if
terrestrial (land-based) multicellular life couldee have evolved. Putting this another
way, coevolution between aerobic photosynthesmedsthe atmosphere (and the
lithosphere) had created a habitable niche, aguhatffor a wide range of evolutionary
possibilities.

It would seem that cyanobacteria (cyan means ‘gigkten’) have played a leading role
in the evolution of each of the three most impdrtdaptations by prokaryotes to the
Archean and early Proterozoic worlds: aerobic psytthesis, aerobic respiration and a
capacity to fix atmospheric nitrogen. Introducanterm which will presently prove
useful for understanding human cultural evolutihiese adaptations are, metaphorically
speakingtechnologies- ‘recipes’ which are perceived as contributinghe persistence
of the system using them.

Even more, cyanobacteria have always been impa@yambiontfcommunity members)
within thebiofilm andmicrobial-mat communitiemto which, from earliest times, most
microorganisms have commonly self-organis&ttomatolitesare colonies of,
predominantly, cyanobacteria which form macroscopéts by trapping passing debris in
slime secretions and cementing it in place witmegipitate of calcium carbonate.
Biofilms are formed when large numbers of singlkecemicroorganisms live together in
a matrix of slime (mucilage) which protects thdselithin it while allowing them to
communicate through biochemical ‘signals’ and ttaobnutrients by diffusion along
inbuilt water channels. While some organisms femgle-species biofilms, most such
films are ecosystems in which various species p@r&pecialised biochemical functions.

Slime is a brilliant ‘social’ technology. It isisky enough to anchor a community to
something solid, protecting it from dispersal, keggmembers close enough to interact
(e.g. exchange genes) and develop a collectivenmafzon; the first truly multicellular
organisms may well have emerged in biofilm or nmahmunities. Slime acts as a barrier

64 Navarro-Gonzalez, R., McKay, C.P., and Nna Mvondo, D., 2001, A Possible Nitrogen Crisis
for Archaean Life due to Reduced Nitrogen Fixation by Lightning, Nature 412, pp.61-64

65 Retallack, G.J., 1990, Soils of the Past: An Introduction to Paleopedology, Unwin-Hyman,
Boston
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to predators and as a buffer against sudden emagntal changes, in salinity for
instance. Indeed, because slime also protectagigéehydration, microbial colonies in
biofilms and mats may well have been the firstiifens, long before plants, to live on
land; in tidal zones perhaps.

Enter Eukaryotes

Convinced by some bold thinking from Lynn Margufisrmerly Sagan) and her
predecessoré’ it is generally accepted that unicellular eukaegadid not evolve by
natural selection alone but also drydosymbiosjsa concurrent process of self-
organisation in which several prokaryotic ‘partnegme together to form a minute
ecosystem within a single celBymbiosisneans ‘organisms living together’ and
endosymbiosisnplies one organism living inside the body of tev. Specifically, the
mitochondria found in all eukaryotic cells and tdoroplasts found in photosynthetic
eukaryotic cells are similar in a number of wayseaain aerobic proteobacteria and
cyanobacteria respectively. Even the enclosed ns¢karyon) that characterizes all
eukaryotic cells may have evolved in this waysdéms plausible that a host cell could
have engulfed (enfolded) both types and thatnietia close symbiotic relationship,
including gene exchange, could have developed.

It was suggested earlier that whenever a radicaily type of dissipative system
emerges, it processes free energy/ produces erdatapitigher rate per gram of its
constituent matter than the systems (platformspfwhich it emerged. The emergence
of life conforms to this principle too. Thus, pitive unicellular organisms have a higher
free energy rate densitfian the pre-biotic oceans and eukaryotes and-cellgd
organisms process free energy at a higher speatécthan prokaryotes.

Some 1.2-0.9 Ga, eukaryotes began to proliferadlecamplexify, lifted perhaps by their
capacity to exploit Earth’s rising oxygen leveled$elow) to power the emergence of
new energy-intensive behaviours, intra-cellulandtires, molecular-scale processes etc.
Most importantly, by the late Proterozoic many typé eukaryotes were able to
reproduce sexually as well as asexually, a devedopnvhich has been authoritatively
called one of the ‘major transitions in evolutiéh.’

In asexual reproduction, one parent cell dividés two daughter cells, two ‘clones’
which each carry the same genetic information (geas the parent; the parent cell’'s
genetic information is first replicated and, thétea one replicate is assigned to each
daughter cell. The process is rather different betwprokaryotes, where it is called
binary fission,and eukaryotes, where it is calleitosis but the result is the same.

Unlike prokaryotes which evolved to hold their ggmeformation in a single circular
chromosome, eukaryotes evolved to hold their gemafibormation (genotype) in multiple
linear (threadlike) chromosomes inside a membranew nucleus. In sexual
reproduction, each ‘daughter’ cell is bequeath&dlomplement of essential genetic
information, half coming from each of two ‘parenélls. However, because a daughter-
cell’'s parents are always genetically a bit differieom each other, no daughter cell is

66 Sagan, L., 1967, On the Origin of Mitosing Cells,. J. Theor. Biol,. 14 (3), pp.255-274.
67 Maynard Smith, J., and Szathmary, E., 1997, The Major Transitions in Evolution, Oxford
University Press, New York .
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quite the same as either parent. This procegsrétic recombinatiois a continuing
reliable source of moderate genetic variabilitpapulations of eukaryotic
microorganisms (cf. intermittent gene mutation)tuxal selection follows, i.e. genotypes
(and hence genes) which reproduce more successfultg prevailing environment
become more common; the composition of the popraicombined gene pool changes
from generation to generation as the populatioptsda (learns to better survive in) its
environment. Observe that it is the capacity aliséreproduction to speed up the rate at
which populations adapt to environmental changertakes sex such a powerful
technology. After all, populations (species, sgy)kextinct when rate of environmental
change exceeds their capacity to adapt! Obverselkyal reproduction prunes ‘out-of—
date’ genes from a population’s gene pgol.

Sexual reproduction in unicellular eukaryotes laken several paths. As one example,
considerChlamydomonas green alga. This organismhiaploid for most of its life
cycle, meaning that, like egg and sperm cells mdms, it has just one copy of each
chromosome (diploid cell has two copies of each chromosome). Eveicaa be
described as either a ‘plus mating type’ or a ‘simating type.” When a plus and a
minus meet, their cell contents mix and their nuitise to form a single diploidygote,
this being the term for a cell formed when tgameter ‘sex cells’ come together,
whether in unicells or ‘higher’ forms of life. Thizygote, the only diploid cell in the life
cycle, eventually undergoes meiotic divisionsraiosisto form four new (haploid)
Chlamydomonasells. This is true sexual reproduction becausel{eomosomes are
reassorted during the meiotic divisions and (b) melividuals are formed. Note that in
this early type of sexual reproduction, the gamatesmorphologically identical; the
distinction between sperm and egg has not yet beste. Nor, being unicellular, can
there be a distinction between bodgifiatig cells and specialist sex cells.

Another particularly important way in which uniadlr eukaryotes continued to evolve
through the Proterozoic was to get bigger. Eukiargells are typically some ten times
the size of prokaryote cells and necessarily hasmaller surface area per unit volume
than prokaryotes. This reduces the eukaryotescatility, on a per volume basis, to
exchange materials with the environment, and hartimately, limits their maximum
possible cell size. This is because, given annyidg biochemical similarity, all forms
of living matter have roughly similar energy re@umrents per unit mass (volume) for
their maintenance. It follows that, in parallethvgrowing body size, eukaryotes would
have needed to improve their strategies for acugienergy from the environment, as
well as their cell-repair and regulatory technoésgiin order to maintain the rate of
energy supply to their operations at the requiez@l®® One estimate is that it took 60
major innovations, including thousands of new getesonvert prokaryotes to
eukaryoteg?

To take a pervasive example, some eukaryotes besatfigently large, flexible and
mobile enough to be able to find and ‘swallow’ papjotes for food, digesting them

68 http://en.wikipedia.org/wiki/Evolution_of sexual reproduction (Accessed 29 May 2010)
69 Makarieva, A.M., Gorshkov, V.G., and Bai-Lian, L., 2005, Energetics of the Smallest: Do
Bacteria Breathe at the Same Rate as Whales? Proc. Biol. Sci.. 272 (1577), pp.2219-2224.

70 Cavalier-Smith, T., 2009, Predation and Eukaryote Cell Origins: A Coevolutionary
Perspective, The International Journal of Biochemistry & Cell Biology, 41, pp.307-322
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internally rather than externally as prokaryotesid@o by secreting digestive enzymes
into the environment to break food particles intolecules small enough to diffuse
through the cell wall. Internal digestion was ooty more efficient (calories acquired
per calorie expended) than external digestiomg#d these ‘protoanimals’ to become the
first ‘predators,’ able to spend more time seargtior food. We have here the
beginnings of arophic strategy--actively seeking prey for food---which has remea
important ever since for marmeterotrophsi.e. organisms such as animals and fungi
which, unlikeautotrophs cannot synthesise their own food. To take a rkaide

example, some heterotrophs evolved a capacitytectiend home-in on the type of
radiation absorbed by autotrophs during photosyighe

Other heterotrophs, ‘filter feeders,’ developediiag strategies which relied, not on
being mobile, but on capturing prokaryotes delidexethem in passing currents (a form
of ‘energy subsidy’) or in currents created by ¥itgating of the cell’s owreilia, these
being hair-like protuberances from the cell surfaPéotosynthesisinglgae the
unicellular eukaryotic ancestors of plants, did Ima¢e the same need for mobility and
flexibility to ensure their food supplies, but sommvertheless benefited from being able
to propel themselves towards sunlight and away ®alty, acid etc. conditions.

How, more generally, do we explain the emergencdenamltiplication of eukaryotes in a
world that had been dominated for two billion ormrmgears by prokaryotes and which,
in terms of their share of the world’s biomasd| dominate? The short answer is ‘size
and sex.’

Increased cell size was the technology which altbexgkaryotes to exploit the
unoccupiececological nichecreated by the proliferation of prokaryotes. Themical
energy locked up in prokaryote populations couldiégraded more rapidly inside
eukaryotes than by death and decomposition. Treaehfresh waters of the late
Proterozoic were certainly ecosystems, but not ariesse prokaryotes and eukaryotes
were competing for the same resources; nor onesvaukaryote predators were
numerous enough to drive prokaryote numbers dovemynsignificant way.

These were also ecosystems wheneses a third form of life, were already important
community members. Rirusis a tiny microorganism consisting only of a DNARNA
strand with a protein coat. A virus can only regle by entering a host cell, either a
prokaryote or a eukaryote, and coopting its gerstitem into replicating the invader’s
DNA or RNA, i.e. into making another generationvotises. This may or may not Kill
the host cell. Contemporary research suggestst thas long been common for invading
viruses to be ‘endogenised,’ i.e. incorporated @erently into the host cell’'s genome.
Such relationships are better seen as symbiotier#ihtan parasitic: while an
endogenised virus gains by being assured of reégicdts presence also seems to protect
the host from attack by virus strains similar gelf. Second, when dissimilar genomes
do manage to combine in a viable way, the evolatippossibilities are greatly
expanded’*

7t Ryan, F., 2009, Virolution, Harper Collins, London
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Multicellularity

Once established, complete with an efficient systéaerobic respiration (inside
mitochondria), a disciplined system of sexual repiation gave the eukaryote cell an
enhanced capacity to (further) evolve internalctites (e.g. membranes, cytoskeletal
scaffolding), which provided sites and compartmevtiere various metabolic processes
(e.g. synthesising particular proteins) could lalised (i.e. protected from dispersion)
and separated from each other. Acquiring a captxisolate different, sometimes
incompatible, operations inside a single ‘multnétional’ unicell may have been a step
on the way to the future development of speciappse cells (e.g. for gamete
production, for nutrient storage, for sensing fofod Jocomotion, for protection etc.) in
multicellular eukaryotes. Indeed, by the timefil& multicellular eukaryotes appeared
in the paleontological record, some 1.2 Bya, th&lwgion of the modern cell in a form
which has persisted till the present day, albe#ame hundreds of specialised variations,
was largely complete. A platform on which all sedpsent multicellular life---plants,
animals, fungi---could develop had been established

Metaphorically, strains of eukaryotic and prokaiyamicells have relied on somewhat
contrasting ‘strategies’ for surviving spatial \&ions and temporal fluctuations/shifts in
their external environments. Prokaryote strainsehalied for survival on, firstly,
culturability, i.e. a population’s capacity to multiply rapidyd regenerate quickly after
near-destructio® Being small and simple, prokaryotes have a shgereration time
and a higher rate of evolution than eukaryotesaathges they would lose if they
evolved to be larger. When environmental conddidateriorate at a particular time or
place, the local prokaryote populations simplyaffeor form hard-casedysts these
being cells which remain inactive until conditidngrove. Having numerous widely-
distributed populations makes it unlikely thatrakmbers of a strain will be wiped out
simultaneously.

By comparison, the basic eukaryote strategy forigung environmental fluctuations has
been one of slowly increasimglative autonomy? a strategy based on trading-off
culturability and opportunistic growth at the pogidn level for better survival prospects
at the cell level. That is, a complex eukaryotéisdess likely than a simple prokaryote
cell to be incapacitated by fluctuations in thesem&l environment; and eukaryote
populations were probably more stable, numeric#iign prokaryote populations.
Nonetheless, it would be wrong to regard one siya#s ‘better’ than the other; and
neither strategy is ‘conscious’ of course.

Relative autonomy is achieved in several ways. p8irbecause they are larger,
environmental impacts are transmitted more slomgugh eukaryote cells, a ‘buffering’
effect which smooths out changes caused by envieataethfluctuations and allows time
for a cell’s homeostatic (counteracting) resporiedsck in. Buffering is further
increased to the extent that cell operations angpestmentalised in internal structures.

& Conrad, M., 1983, Adaptability: The Significance of Variability from Molecule to
FEcosystem, Plenum Press, New York

S Rosslenbroich, B.,2009, The Theory of Increasing Autonomy in Evolution: A Proposal for
Understanding Macroevolutionary Innovations, Biol Philos. 24, pp.623—644
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Also, at the cost of being dependent on a largerggnflow, a larger cell provided space
and sites for the evolution of other protectivatggies such as storing food reserves,
improving mobility, detoxifying poisonous chemicagxcreting wastes and
manufacturing protective toxins.

Multicelled eukaryotic organisms, the next greahsition in biological evolution after
sexual reproduction, evolved independently mangsimnd in manghyla (broad
taxonomic categories of cell types based on siitylaf body plan) of unicells but only a
few went on to become plants, animals or fungiwkler, being soft-bodied, the first
multicellular eukaryotes do not appear in the patelogists’ record of fossilised shells,
skeletons and other hard body parts. A somewhadipg exception is akdiacaran
fauna of animals comparable to jellyfish, polypsd aorms which, while present in late
Proterozoic sediments (700-545 Mya), appear uraela the plethora of clearly visible
fossil types which ‘suddenly’ appeared 545 Myahat beginning of the Cambrian period
and the Phanerozoic eon.

While a detailed series of steps in the evolutibmolticellularity cannot be presented
with confidence, it is clear that there were sevpaths that could have been taken and
that several platforms and plausible pre-adaptati@d already evolved at least once and
were ‘in waiting’ for this development. As notedlea, some prokaryotes, notably
cyanobacteria, had long achieved simple multicatltdrms (e.g. cells connected in one-
dimensional chains) and some differentiation of tedction (e.g. photosynthesising cells
versus nitrogen-fixing cells). So, indicativelywas clearly possible to evolve surface
molecules which allowed cells to adhere (interlagkher than remain separate.

The technologies which allow genetically identicalls to perform different metabolic
tasks are based on activating or inactivatingrgsileg) particular genes in some cells but
not others. Initially this may have been achielsgdhe evolution of hormones or other
‘signalling molecules’ able to diffuse between rdiguring cells. Later in the
evolutionary story, as studied in the sciencemgeneticsall cells with a particular
function (e.g. liver cells) may have inherited, naty a genome (set of genes), but an
epigenomea set okepigenetic markghese being groups of molecules attached to
particular genes, allowing them to be turned ‘on‘adf.” "* While epigenetic marks can
and are routinely inherited, along with the gereytare marking, they can also be
modified, or even removed, by exposure to enviramaleor other internal stimuli. It is
becoming increasingly clear that the technologepigenetic silencing’ has long
functioned as a powerful and subtle complemengeteetc information in providing
guidance for life’s self-organizing physical/chealibiological processes, notably its
protein synthesis mechanisis.

Meanwhile, it is reasonable to assume that therfidticellular organisms did not have
specialised cells with different functions and tthety arose within colonies of unicells,
e.g. biofilms or microbial mats, where communitymiers were already enjoying clear
benefits (nutrition, protection etc.) from living close association. It also seems
plausible that all cells in the first multicellularganisms would need to be genetically
identical, i.e. cloned from a single cell. Thiswaensure all of the organism’s cells

74 Grosberg, R.K. and Strathmann, R.R., 2007, The Evolution of Multicellularity: A Minor
Major Transition? Ann.. Rev. Ecol. Evol. Syst. 38, pp.621-54
75 Grosberg, R.K. and Strathmann, R.R., 2007, 1b1d.
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responding in the same way to any environmentaiustis or internally-generated
chemical signal, i.e. there would be no ‘rogue’cancer-like’ cells in the organism.
Under this ‘colonial’ theory, a multicell can begegded as a symbiosis between
organisms of one ‘species.’

What were the adaptive benefits of such a simpi@ fof multicellularity? By reason of
size alone, the first multicells would perhaps hbgen less vulnerable to predation than
their predecessors. Conversely, if they were batghs, they would have had access to
larger prey. Those heterotrophs that were motid,able to synchronise the wavings of
their flagellae through chemical signals betwedls ceould have been able to move
faster and further in search of prey. Those thexevgtationary autotrophs
(photosynthesisers) would have been able to bet$est being swept away and to capture
more light energy by extending themselves (e.dprasching filaments) into the
surrounding environment. Thus, the earliest meiliidar organismsprotoplantsand
protoanimals were probably already using the two feeding sgias---extension into the
environment and selectively searching the envirortr¢hat plants and animals,
respectively, have continued to use ever since.

How did the first multicellular organisms reprod@c®erhaps they just broke into
fragments when they reached an unstable size eaith fragment or bud resuming
growth, through mitotic cell division. While thisay have happened to some degree, and
still does with, for example, sponges, sea anemand$lant cuttings, it is a method of
reproduction which would have allowed damaged sagsnaf DNA--molecular
lesions--to accumulate in many of the organism’s cells. Bairmal metabolic activities
and environmental stressors, such as ultravigat knd cosmic radiation, can cause
DNA damage, including gene malfunctions and mutetigvhich are usually harmful).

It has been suggested, for example, that humanst inicur as many as a million
individual molecular lesions per cell per ddyGenes have evolved which allow many
lesions to be routinely repairétibut, equally, lesions can accumulate to the poirgre

the cell dies or becomes non-functional. It is giioblem of cumulative DNA damage
which makes sexual reproduction almost a necefsityulticelled organisms. Apart

from its value in generating the genetic variapiithich allows natural selection, sexual
reproduction, including meiotic cell division, igechnology which produces distinct
generations and which allows some-to-most memblferach generation to begin life as a
single cell containing relatively undamaged DNA.

While the precise evolutionary steps from unictdisnulticells must necessarily remain
speculative, what has been suggested as a transiio something like today’s
unicellularchoanoflagellateso one early group ofulticellular animals, namely the
sponges of the phylufRorifera, is plausible and illuminating.

Sponges, which first appear in the fossil recordlfe late Proterozoic, do not have
distinct circulatory, respiratory, digestive, anateetory systems. Rather, they rely on
water flow to support these functions along witfiitar-feeding system composed of
flagellate cells, pores, and canals. Their bodmsist of two thin layers of cells
sandwiching a gelatinous matrix which function®tth connect cells and carry chemical

76 Lodish H., Berk, A., et al, 2004, Molecular Biology of the Cell,. 5th ed., WH Freeman, New
York, p.963
77 http://en.wikipedia.org/wiki/DNA repair#DNA repair mechanism (Accessed 23 June 2010)
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signals between cells. They exhibit cell differation to the extent of containing non-
feeding cells and specialist food—acquisition ceNMost sponges reproduce sexually,
releasing sperm cells or, depending on speciesnspalls and egg cells into the water.
Fertilised eggs develop intarvae which swim off in search of places to settle, giavd
divide.

Choanoflagellates are a group of unicellular flegelaving eukaryotes, living either
individually or in colonies. They are considerede the closest living relatives of the
metazoaij.e. multicellular animals. Genome sequencing (gdaatification) suggests
that today’s choanoflagellates and sponges shesenanon ancestor. In particular,
colonial-living choanoflagellates produce a suipgsnumber of equivalents to the
signalling and cell-adhesion molecules found inpagst other animals, sponges.
Morphologically too, choanoflagellate cells and sg® ‘feeding’ cells (choanocytes) are
similar, e.g. both have ‘collars.” which trap preyle can speculate that that it was a
small evolutionary leap from colonies of unicellelchoanoflagellates to multicells like
sponges. Recall that the prokaryote ‘pioneersholfticellularity, the cyanobacteria, had
long before, evolved to be able to ‘switch’ genaticidentical cells between the tasks of
photosynthesis and nitrogen-fixing.

Humans cannot comprehend the three billion yedook for life to emerge and evolve
into the handful of simple multicellular forms whieark the transition from a world of
unicellular organisms to one with a wide varietynradre complex multicellular
organisms, organised into diverse ecosystems am@dcterised by, most obviously,
mineralised (hard) body parts and diverse typespetialised cells and organs.

Notwithstanding, while evolutionary developmentsidg the Archean and Proterozoic
eons were unimaginably slow from a human perspecthost of the biological
technologies and strategies that evolving life ®mould subsequently utilise were in
place in nascent form by the beginning of the Prauec eon, meaning the geological
eon of ‘clearly visible fossils.” Mapping Earthéxistence onto a 24-hour clock face, it
was now 8.50 pm. Thus, by the beginning of thenBhazoic, starting 542 Mya with the
Paleozoic era and Cambrian period (eons contagaerd eras contain periods), the
world’s oceans comprised a rich dissipative ecesysif unicellular autotrophs and
heterotrophs, plus some minimally-differentiatedtroellular organisms. Lichens (fungi
and cyanobacteria living symbiotically) and mossey even have been already present
on moist shorelines. A long period of worldwideaydion was coming to an end and the
supercontinent Pannotia was breaking into fourinents (Laurentia, Baltica, Siberia
and Gondwana). The planet was primed for an efeetztively) rapid bio-physical
change.

Palaeozoic Era (542-251 Mya) Cambrian explosiorRermian extinction

Within a brief 20 million years of the beginningtbke Cambrian, the period’s opening
complement of simple multicellular animals had déiged or, in evolutionary terms,
radiatedinto early representatives (species etc.) ohalrmajor groups (phyla) of
animals present on Earth today---what is popullaniywn as the Cambrian ‘explosion.’
Shelly creatures such as the louse-like ‘threedbby@obites andbrachiopods
(lampshells), of whose ancestors there is littg $in earlier rocks, are suddenly
everywhere. Trilobites, for example, athropods a phylum of animals without
backbones (invertebrates), but with an externdkste. The arthropod body plan, as
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seen in today’s insects, spiders and crustaceansists of repeated body segments, each
with a pair of appendages, e.g. claws, feelers, Idgilobites themselves however
disappeared from the paleontological record afteaas extinctioevent at the end of the
Permian period, some 250 million years ago. A nexgimction is a major drop in global
diversity.

More generally, a variety of early Cambrian manénals evolved to have hard
(mineralised) body parts which provided protecfionsoft tissues and a firm base
against which muscles could pull during graspingwimming movements. The hard
components were commonly formed from calcium caalbmmas in shellfish, while it was
chitin, a complex carbohydrate, which provided crustasean insects with durable
exoskeletons. Trilobites had remarkably functianads with calcite lenses; for finding
prey and avoiding predators such as the giantq@prmetreAnomalocaris Indeed, this
was a period in the fossil record marked by theédrappearance of diverse trophic
(feeding) strategies, including primary, secondarg tertiary carnivory; and of rapid
escalation(‘arms races’), meaning the adaptive improveméntuticellular species in
coevolutionary response ttoe increased hazards of their biological surrongsh--as
competitorand predators and prey all improved their survigahnologies.

Many immediate and background reasons have beeredffor this elaboration of the
marine ecosphere in the early Cambrian and, witdgight, it was an unsurprising
development.Niche expansiowas pivotally important. Thanks to a populati@oin in
marine plankton, the main energy source, direatiyndirectly, for Cambrian animal life,
emerging animal types were able to proliferate auatrhaving to compete too much for
limited food. That is, selection pressures were d&md ‘experimental’ body plans and
‘tools’ (teeth, claws etc) were not ruthlessly ehated.

Equally though this could not have happened unlesgarly Cambrian’s multicellular
eukaryotes already had the genetic potential toodeee rapidly and to generate a variety
of body plans. For this, ‘master’ genes had tinlq@ace to regulate the expression and
interaction of other genes, particularly during tleelopment process from zygote to
adult, e.g. genes for controlling the number of mladbody segments created. As
happens throughout evolution, the paths that nbghtiken are narrowed down by the
path that has already been taken.

Nor could the Cambrian radiation have happenedouitthe conditions that favoured the
proliferation of planktonic life forms. These inded shallow warming seas on the
shelves of the continents as these ‘wandered’ kapidlay from the South Pole.
Atmospheric CQcould have been 15 times the present level angegatures were
‘greenhouse’ high. Most importantly, the marin@isznment grew rich in phosphate,
calcium and iron as Pannotia’s ‘supermountain®ded into the seas. As Pannotia was
pulled apart, volcanism increased, further fertiisthe seas with deposits of ash. Both
the calcium and the carbonate needed to make aslelds and skeletons were now
freely available.

Every rise in atmospheric and oceanic free-oxygeals since Archean times has been
associated with the emergence of new animal ot glaups, each characterised by
having a higher metabolic rate per gm (free eneaty density) than pre-existing groups.
For example, this holds true for the evolutionaggeence: crustaceans, amphibians,
insects, rodents, primates. It is not so muchiti@eased oxygen concentratiaraise
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more complex life forms to evolve; it is rathertiifar any nominated level of organismic
complexity, there is a threshold concentrationxafgen above which it becompsssible
for that level of complexity to evolve and persist-necessary but insufficient condition.
To take a simple example, body volume increaseasrfésan surface area when
organisms get bigger. Hence, one change whiclaléyganisms to get bigger while
remaining fully oxygenated is a higher dissolveggen concentration, leading to a
greater intake of oxygen per unit of surface afdare generally, because Cambrian
organisms were, in some sense, more complex tle@émpitedecessors, they had a higher
specific metabolic rate and, hence, oxygen requergmer gm. Presumably, the cost of
having to take in more food and oxygen per gm afyeeight is an ‘investment’ which

is more than offset by allowing adaptations such esduction in body size, better access
to food, higher reproductive rate or more efficieahversion of food into usable
energy’®

Great Ordovician Biodiversification Event

Taxonomists group plant and animal life into insiagly inclusive categories, running
from species through genus, family, order and diagdhylum. The foundational nature
of the early Cambrian explosion is indicated byfte that not only have no new phyla
appeared since then, but no new classes have agpear50 myrs and no new orders
since the post-dinosaur radiations some 65 Mya.

During the Cambrian, the number of marine famipeaked at nearly 200, declining
thereafter and being replaced by a rapidly radigfndovician fauna. This so-called
Great Ordovician Biodiversification Eveft (c.485-460 Mya), much larger than the
Cambrian explosion, introduced numerous new familié the Cambrian period is
thought of as producing the modern phyla, the Oddaw radiation can be considered as
the *filling out’ of these phyla with the moderm@many extinct) classes and lower-
level taxonomic groups. While Precambrian and Ganlcommunities were mostly
limited to the sea bottom, the Ordovician radiafitiad the water column as organisms
adapted to this previously unoccupied ni€hBottom-dwellers too extended their
constructive activities, building up and burrowishgwn. Ordovician seas kept rising to,
perhaps, 200 m above present levels, the high&ritn's history.

Notwithstanding, around the end of the Ordoviciad30-440 Mya), as the number of
marine families was rising above 400, an extincbbabout 100 marine families
occurred. This, th®rdovician-Silurian mass extinction evewas the first (and third
largest?) of five such events that have occurrdterpast half billion years.

Just as a changing geophysical environment pritmedambrian and Ordovician
radiations, it was changing environmental condgi¢ag. asteroids, glaciations, stagnant
oceans, ozone depletion, atmospheric pollutionEivprecipitated this and subsequent
mass extinctions. At the time, Gondwana was mokienxgk towards the South Pole,
triggering a period of intense glaciation, and leeogoling and falling seas, both on

78 Conrad, M., 1983, ibid. p.256
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continental shelves and in marginal seas, i.eetinos fully connected to the oceans.
Widespread loss of habitat would seem to explaenQidovician extinction. In the event,
the Gondwanan ice sheet melted quite rapidly,dasons not understood (volcanic
activity possibly), and family numbers recoveredhivi 15-20 myrs..

Smaller-scale extinctions have been commonplacaitiinout evolutionary history.
Unlike mass extinctions, the reasons are as likeele ecological as (physical)
environmental (e.g. regional drought). That is,cégecan be wiped out by predators or
parasites, especially small populations in isolaieties, and they can be wiped out by
competitive displacemerds when a species is out-competed for a resoergeféod,
shelter) by an invader or immigrant species.

Silurian-Devonian period 438-417-362 Mya

Although the union was not concluded until 275 Myee, Silurian-Devonian time period
saw Gondwana and Laurasia (Laurentia plus Balbeg)nning to come together to form
what would be Pangea, the all-inclusive supercentin From their Ordovician high, sea
levels slowly fell to about present-day levelsyieg extensive shallow seas around the
continental margins. Day length crept up to 22reoAbout 16 per cent of the
atmosphere was oxygen, sufficient to support aeptive ozone layer that would allow
complex life-forms to survive on land. The atmaoss CQ level fell from ¢.5000 ppm
(parts per million) to ¢.3000 ppm over the periglimates were generally equable, even
‘greenhouse,’ and, after recovering from the Ordiawi extinction, the number of marine
families hovered around 400 until, at the end efflevonian period, another mass
extinction struck.

These were times of great change for the ecologtegle and its evolutionary play, to
borrow Evelyn Hutchinson’s metaph®r.In the sea, life evolved to more-fully occupy
and exploit theelagicor upper reaches of the water column. Calcareorts eefs,

built from algal skeletons and secretions, becamehaand quite new type of ecosystem.
Elsewhere, both plants and animals evolved in waysh allowed them to occupy moist
shorelines and, in time, drier landscapes; thetfiee terrestrial ecosystems began to
emerge.

Ammonoids (the ancestors of squid and octopusYiahdthe first animals with
backbones (vertebrates), evolved and quickly difreds First came jawless fish
(agnathans) which, while remaining filter-feedenglved from bottom-feeding to
swimming freely through plankton-rich surface watedawed fish evolved from and
preyed on jawless fish, filling a ‘vacant’ nichedaadding another trophic (food chain)
level to an increasingly-elaborate marine ecosystem

The first animals to occupy dry land---winglesshaspods such as insects, spiders and
centipedes---did so in a period of rising oxygerels in the middle-late Silurian, ¢.420
Mya. But moss-like plants, descended from gregaealnd living symbiotically with
fungi, had reached water’s edge well before. Suetewmited in size though because
they relied on diffusion to distribute water andrients through their tissues. The first
plants with specialisedascular tissuefor distributing water and nutrients were

81 Hutchinson, G.E., 1965, The Ecological Theater and the Evolutionary Play, Yale UP, New
Haven
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descendants of mosses and appear in the paleontdlogrord at 425 Mya. These were
very simple---spiky green stems with no leavesvath spore-bearing reproductive
structures. It was vascular technology whicttjrire, would allow the evolution of large
trees and a skyward extension of the ecospherg&icgre.

By 400 Mya, forests gfteridophytesa group of shrub-like plants with roots and leaves
including lycophytes (clubmosses etc), horsetaitsfarns had spread widely. Most
importantly,progymnospermsancestors of seed-beariggmnospermaow emerged.
Unlike ferns, gymnosperms have the flexibility @t mlepending on free water for their
fertilisation; they have air-borne pollen. By 38@a the continents were green with, for
the first time, forests of woody trees. Thesedtgevere a ‘sink’ which lowered
atmospheric Cg(storing it in peat swamps and sediments) andierabsence of
herbivorous(plant-eating) animals that might have recycled axidised this plant
material, the source of a marked increase in athrergpoxygen. Thus, the Devonian
period produced an unoccupied ecological nicheygaeith an ‘explosion’ in plant
groups and their growth forms.

About 380 Mya (late Devonian) the first land vertdbs appeared. Descended from fish
similar to modern coelacanths and lungfish (liviagsils!), these were largamphibian
tetrapods(some up to five metres long) which had evolved foulti-jointed leg-like

fins that allowed them to crawl along the sea bottdetrapods have four legs and
amphibians are animals that live both in wateram¢éhnd. Thd iktaalik, for example,

was an intermediate forriving in anoxic (low oxygen) swamps, where it waslving

to support itself on solid ground and, with thephel a lung-like air sac, possibly adapted
from a swim bladder, to breathe air.

Early amphibians had to return to water to layrtsbell-less eggs and to avoid ‘drying
out.’ It was not till much later that some amphiigaevolved intaeptileswhich had

scales to minimise water loss and shelled eggs#ratitted babies to be hatched on
land. The egg, a small pool of ‘water’ inside ey&ly waterproof shell, is a brilliant
niche-extending technology. Meanwhile, it was aibiaims that were destined to become
predators at the top of the food chain in this faidwing periods.

And then, over 20 myrs, starting 374 Mya, cameBber’'s second mass extinction or,
more correctly, a prolonged series of extinctioHawever, while some 70 per cent of
marine species, especially reef-dwellers, diedlant plants were little affected,
notwithstanding a change in climate from mild maré to harsh continental.
Descendants of the aquatic organisms which survixadd be the ones to rule the Earth
for the next sixty million or so years. These ud#d new types of corals, brachiopods,
ammonoids, and a number of lineages of fish amdpets.

Various causes have been suggested fardbe Devonian Extinctigmone totally
compelling®? They include anoxic oceans, acidic oceans, cgalzeans, sea level
changes, asteroid impacts, plate movements andicatidns thereof.

Falling temperatures associated with falling d€¥els may have cooled surface waters
by as much as 5 deg C, stressing tropical ecosgsteparticular. These cooling waters
may also have absorbed more £@aking them acidic enough to inhibit shell forroat

82 Southwood, R., 2003, The Story of Life, Oxford University Press, Oxford, p.87.
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Falling temperatures may also have produced a tEwgdhciation sufficient to lower sea
levels in shallow marginal seas, leaving reef systetranded. Equally when
temperatures rose again for a time, triggered teyrgoorary CQrise, sea level may have
risen rapidly enough to ‘drown’ reef systems, whiged to be in near-surface waters.
The CQ rise itself may have come from volcanic emissiseisoff by asteroid impacts.
Asteroids may also have brought anoxic, sulphudaep waters to the surface where
oxidation could have produced acidifying sulphatesi Hydrogen sulphide may have
been released in lethal quantities. Oxygen lewelg have been further reduced as
Laurasia and Gondwana came to together, blockihgafiveyor belt’ currents that had
been important for keeping the oceans stirred anated.

A final driver in this complicated mix of possikiiés might have been a surge in oxygen-
capturing algal blooms in coastal waters. Thiddtave been set off by a rise in
nutrient runoff levels, a rise associated withrarease in soil formation and erosion as
deep-rooted forests spread across the contifiénts.

Carboniferous-Permian period 362-290-251Mya

The early part of these periods was everywhere whuat) as Gondwana moved
polewards, it experienced a pronounced coolingghaciation. Although the equatorial
regions remained warm, wet and tropical, a vassimet spread over what is now
Antarctica, southern Australia, most of India, soeithern half of Africa, and much of
eastern South Americd#angea, the pole-to-pole supercontinent was foltyréd by 275
Mya, and stayed together for a hundred million gdxafore beginning to break up, a
process which continues to this day.

In equatorial seas, coral reefs and invertebrétesi$hed and diversified. Among the
fish, groups which had dominated Devonian seas disegppearing and being replaced
by an amazing variety of sharks. The equatorialdads were covered by swampy
forests of large lignin-rich trees which eventuddgcame great coal deposits
(Carboniferous means ‘coal bearing’). Lignin aetldose are strengthening materials
which decompose slowly. Some fern-like seed-bgagshogymnosperms grew to 35 m.
The drier uplands remained a sparsely occupieceni@ecause the vigorously
photosynthesising lowland forests were not beingpagosed (oxidised) as fast as they
died, atmospheric oxygen levels rose to an all-tmgh of 35 per cent and,
correspondingly, C@levels fell. Insects, spiders and other typeartfropods radiated
rapidly in the forests’ abundant leaf-litter. Soofehese, capitalising on the oxygen-rich
atmosphere, increased their metabolic rates tddevi@ich would support the energy-
intensive technology of flying. Some grew big; aragonfly-like aerial predator was
the size of a seagull. In waterbodies and wategms the tetrapods flourished and
dominated, including various crocodile, eel, andrsander-like forms.

It is at this time that the first reptiles appearddhese, while well-adapted to live
exclusively on land, remained ecologically insigzaht until at least the very end of the
Carboniferous. They developed larger and more poieigs than amphibians, and were

83 Algeo, T.J., and Scheckler, S.E., 1998, Terrestrial-Marine Teleconnections in the Devonian:
Links Between the Evolution of Land Plants, Weathering Processes, and Marine Anoxic
Events, Phil. Trans. R. Soc. Lond. B, 353, pp.113-130
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much more mobile because their legs sat beneaittbibaies, not splayed, like
amphibians, at their sides.

Meanwhile, under a cold dry Antarctic climate, thendwanaland continents evolved a
distinctively different flora, one dominated biossopterid having tongue-shaped
leaves) seed-ferns. It was from this group thattiajor plant groups of the coming
Mesozoic Era (251-65.5Mya ), and possibly (mucérja¢ven the flower-bearing
angiosperms, would evolve. By the end of the Qaifbous-Permian periods, true
gymnosperms (seed-producing plants whose seed®aenclosed in an ovary) such as
cycads and early conifers had appeared. Gymnospegugpped with the three
technologies of seeds, fertilisation by pollen affetient vascular systems, were adapted
to become widespread in the drier continental desaf the early Mesozoic Era,
conditions which more tropical groups could nottate.

From early Permian times (say, ¢.280 Mya) the dlolaate became steadily warmer
and milder. Marine and terrestrial faunas which baen pruned back during the
relatively cool Carboniferous diversified into néamilies. Gondwanaland’s glaciers
receded, and inland areas became drier. Far filermbderating influence of the global
ocean, much of the interior of Pangea was probabite arid, albeit with distinct wet and
dry seasons. This drying tendency, along withriaéténg warming and cooling periods,
continued through to the late Permian. A plethadrmsects and reptilian herbivores and
carnivores coevolved in step with the supercontisarhanging plant formations.

At the very end of the Permian, sea level, and &dine area of continental-shelf and
lowland-swamp habitats, fell from its Ordovicianximum to an all-time low. This loss,
an indicator of heavy glaciation, helps explain vitigre was a low rate of coal formation
and a dramatic drop in atmospheric oxygen---to altéper cent---during the first five
million years of the Triassic period. Giant fir@shs too may have played a part,
consuming oxygen and forests.

Permian-Triassic mass extinction ¢.260-245 Mya

The Permian-Triassic mass extinction, the mostdetste on record, saw the loss of,
perhaps 90 per cent of all multicellular speciesluding many amphibians and many
trees, particularly pteridophytes which had floned in the Carboniferous forests. Eight
orders of insects became extinct. As with the D& extinction, this too was probably
a series of extinctions over some 15 million yealiseit with a sharp ‘spike’ in the rate
of loss around 251 Mya. That is, the end of thedZic era was marked by both an
extinction spike and a steady turnover (replacejrardlder lineages by newer, better-
adapted lineages in many nicfés.

The spike in extinctions at 251 Mya is widely beéid to have been triggered by massive
volcanic activity in China and Siberia. The floofdava released from the so-called
Siberian traps, over about a million years, cowdehcovered as much as seven million
km?® Looking for causes, this exceptional volcanisayrhave been related to the
beginning of Pangea’s breakup, or, more plausibbguld have been associated with an

84 Bottjer, D.J., Clapham, M.E., et al, 2008, Understanding Mechanisms for the End-
Permian Mass Extinction and the Protracted Early Triassic Aftermath and Recovery, GSA
Today, 18 (9), pp.4-10.
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asteroid strike directly opposite (antipodal td)e3ia on the other side of the globe
(Wilkes Land in Antarctica?). On a sphere suckash, ‘shock waves’ from any large
impact first spread and then converge on an andigouint, generating large earthquakes
and releasing lava there. Something similar may teappened during the Cretaceous
extinction (65.5 Mya) when the Deccan traps, whaahdirectly opposite the Chicxulub
impact crater, extruded comparably large quantdfdava.

More specifically, how might the combination of asteroid strike and megavolcanism
have triggered the Permian extinction? Consideraisis first. Even during periods of
strong ocean currents, flowing as they do from warmrool regions, the ocean deeps and
bottom sediments are low in oxygen and home torabaebacteria, busy producing
large quantities of hydrogen sulphide and methauleates; more so when atmospheric
oxygen is falling and ocean circulation is weakhappens in a warm world. Should a
large asteroid strike in an ocean basin, it wilg@ate toxic, anoxic tsunamis, many
hundreds of metres high perhaps. Methane-satunatzts may have ‘exploded’ when
released from the pressures of the deeps. Thatm@itlor destroying life in coastal areas
IS great, not to mention the wider effects as aphesac methane and,8 move inland.

An H,S concentration of even 100 ppm will kill most aalm

Apart from the on-ground effects of megavolcanisngrmous quantities of GOsulphur
dioxide and particulate ash would have been spas@ibdejected; smaller ejections of
chlorine and fluorine would have sufficed to degtEarth’s life-protecting ozone layer.
Sulphur dioxide in the atmosphere leads to aci mahile dissolved C@acidifies the
oceans. Particulates block out sunlight and predualcanic winters,” perhaps even
persistent glaciation. Conversely, a Lhlanket’ raises air and water temperatures,
perhaps to levels that trigger extinctions. Wand eold conditions might well have
alternated during the Permian-Triassic extinctiowerall, one might wonder hoany
multicellular organisms could have survived thiswergence of traumas in the late
Permian.

Mesozoic Era (251-206-65.5 Mya) Dinosaurs, mammaiisgs, flowers

For present purposes, the importance of the Mesdzai is that it was the ‘age of
reptiles,” hosting not just the radiation and swjosat extinction of a dominadtnosaur
fauna, but the emergence of the reptilian lineaggehvgave rise to we mammals.

The Mesozoic Era, like Gaul, is divided into thpeets: the Triassic (oldest), Jurassic and
Cretaceous (youngest) periods. Archosaurs (‘rulapgiles’) and synapsids (mammal-
like reptiles) were two consequential reptile ligeg, both descendants of large
amphibians, which first appeared during the Perminnd and survived into the

Triassic. Thusl.ystrosauruq‘shovel lizard’), a hippo-like burrowing and breing
synapsid, was pre-adapted to low-oxygen conditesmswas the only largish (about a
metre long) land animal to survive and, for a tineethrive. It was such advanced
synapsidstberaspid} that were evolving into true mammals by the ehthe Triassic,
even as they were largely disappearing and beplgeed by archosaur lineages,
particularly thedinosaurlineage.

In a short space of time, dinosaurs rose from bgmall, swift and bipedal, but
ecologically unimportant, to a group occupying heall terrestrial niches. They were to
increase in size and ‘rule’ the earth for the ri5@ myrs (over twice as long as their
successors, the mammals, have so far been predainir@ome herbivorous dinosaurs
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became huge, perhaps to keep warm (called indiakeothermy), perhaps to
accommodate the large guts necessary to slowlgtilge nutrient-poor plants of the
time.

Why were they so successful? Atmospheric oxygetfirgel sharply in the Triassic and
archosaurs probably had comparatively advancedragsgy systems; being somewhat
erect, they could run and breathe at the same thisn, the early Triassic was largely
arid; most of the earth's land area was conceqdtiatene supercontinent and the
mountain ranges pushed up during Pangea’s formptimauced extensive ‘rain shadow’
deserts. Fibrous conifers and palm-like cycad$sggmmnosperms, were becoming the
dominant plant groups. Archosaurs were also prigliaditer at conserving water than
early synapsids because they had glandless skihexameted nitrogen as a uric-acid
paste (like today's birds) rather than as a wagetytion of urea (like today’s mammals).

End-Triassic mass extinctioMore generally, the end of the Triassic periodkadhe
world’s fourth mass extinction event, i.e. comiriggathe Ordovician, late Devonian, and
Permian-Triassic events. This event, 200 Myagtasgss than 10,000 years and occurred
just before Pangea started to break apart. At kedBof the species now recognised to
have been living on Earth at the time went extir®l.large non-dinosaurian archosaurs,
some remaining advanced synapsids and many o&tge amphibians were wiped out.
Niches were being emptied out, ready to be fillgdliverse dinosaur lineages during the
Jurassic period.

There is no widely agreed explanation for the EndsBic mass extinction. Sea level fell
and rose sharply at the time, suggesting the pessibmation of an anoxic marine
environment and a release of toxic gases. Morgesiiyely, as Pangea began to rift
apart, a flood of volcanic lava and g@omparable in volume to the Siberian and
Deccan traps events, was released in the Centraliéam Magmatic Province (CAMP).
Not only did this initiate greenhouse conditionatthersisted through the Jurassic, the
oceans may have been warmed sufficiently to besdave-moving and stagnant and
primed to release large quantities of methane foottom-sediments.

Pangea’s continental plates continued to move @ipartighout the Jurassic and
Cretaceous periods, allowing plant and animal eimiuo follow somewhat different
trajectories on each relatively isolated contin@hie present-day configuration of
continents had been largely achieved by the timtb@End-Cretaceous (fifth) mass
extinction (65 Mya), the event which marks the sitian from the Mesozoic era to the
Cenozoic (recent animal) era.

In the late Jurassic period (c.140 Mya), angiosgerra. flowering plants, evolved from a
particular lineage of gymnosperms and a landscaperdted by ferns, cycads and
gymnosperms gave way to one populated with seetifrait-bearing trees and other
types of still-familiar angiosperms. By 100 Mya #negiosperms had diversified
considerably and were widespread.

Fruits andflowers(petals are modified leaves) were the adaptatiwetsallowed
angiosperms to permanently displace gymnosperrtieeagominant flora; over three
quarters of all today’s plants are angiospermsiit$-(modified plant ovaries) facilitate
seed dispersal and manuring by animals. Mobd#itgli-important to animal survival and
the ability to spread provides plants with theimoferm of mobility, albeit in slow
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motion. Flowers facilitate pollen dispersal byraals, especially insects such as bees.
But it was not just insects and angiosperms whieleveoevolving. The rise of the
angiosperms as a food source triggered a burstesotution in both mammals and
dinosaurs, including the dinosaurs we know todalyiats.

During the Mesozoic era, mammals and some fornasnaisaurs (e.g. bird ancestors)
evolved to be warm-blooded, i.e. able to generaty lheat internally and control,

through insulation, the rate at which that he&ss, e.g. fur, blubber etc. While warm-
bloodedness, dromeothermyis energetically expensive, it allows instant iitband
nocturnal, cold-night mobility. It allows speck#id organs (e.g. brain, glands) to operate
independently of the outside temperature. Noctunability may have been particularly
important for small insectivorous mammals tryingatmid dinosaur predators.

Sometime during the early Jurassic, two groupgpfiles gained the ability to fly and
one of these groups later gave rise to the bitdst@ixonomic class of Aves). Flying is
energy—intensive but expands access to disperseldsfaurces. Apart from warm-
bloodedness, birds developed a range of flightstisgi adaptations such as feathers and
hollow bones. Bats became the only flying mammlalSurassic seas, apart from fish,
the main vertebrates were marine reptiles, inclyidghthyosaurs (‘fish lizards’),
plesiosaurs, pliosaurs, and marine crocodiles. |&\the first true mammals appeared in
the early Jurassic, the three extant mammal grappsared, probably independently, in
the early Cretaceous, say 120-130 Mya, these amntinotremes (egg-laying mammals),
the marsupials (pouched mammals) and the placeratadmals (others).

It was during the late Cretaceous that humanitydeoof placental mammals, the
primates began coevolving with and adapting to an incregigidiverse angiosperm

flora, including trees producing much larger fruhian their predecessors. Thus, primates
began shifting towards a vegetarian diet and algrarboreal lifestyle.

End-Cretaceous mass extinction

The end of the Cretaceous, about 65 Mya, is masketimass extinction which included
all lineages of dinosaurs, save the birds. Up i®ghint mammals had been largely
confined to nocturnal, insectivorous niches buteodinosaurs were out of the picture,
placental and marsupial mammals diversified, thhoug) the Cenozoic era, into many
new forms and niches. Notwithstanding, 35 per oéall mammal species died out at
this time. It appears that the marine food chaiselol on photosynthesising plankton and
the terrestrial food chain based on green leavésdmlapsed for a relatively short, but
catastrophic, period. Mammals and the other boadelgories of terrestrial life that
flourished in the wake of this extinction---birdissects, flowering plants---are those that
characterise the global ecosystem to this day.

Explanations are always contestable but what hagpenconsistent with evidence that
an Everest-sized asteroid created the Chicxululerc(a70 km wide) off the coast of
Mexico, throwing up a long-lasting (years?) sun-aiimg dust cloud and, on the opposite
side of the world, triggering tsunamis and the dldmsalt event known as the Deccan
traps. Vaporised limestone might have fallen ad eain. Wildfires might have

consumed much dead vegetation, adding a layerabttsdhe already-opaque
atmosphere. Vast quantities of toxic gases, e.thane and hydrogen sulphide, could
have been released during the two antipodal events.
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As with the four previous mass extinctions, the firdtaceous event was associated
with a sharp fall in sea level, a fall not assadatvith an asteroid impact but, more
probably, with the convergence of India and AfrecaEurasia which led to the
Himalayas and the Alps being formed. Less prohahlycause might have been a
period of aberrant glaciation in Antarctica. Eithey, marine invertebrates were heavily
depleted.

The greenhouse conditions which characterised rofitiie Cretaceous continued into
the Paleocene and the Eocene, the first two epufdine Cenozoic era. ThHealeocene-
Eocene Temperature MaximyfPETM) was a short spike of high temperatures
associated with volcanism and lasting approximat@ly kyrs during the late Paleocene
and early Eocene epochs (roughly 55 Mya). Seaseiidnd overland air temperatures
increased by more than 5 deg C and a further rofitefrestrial and marine extinctions
followed. A few million years later came anothartcularly warm period, thEocene
Optimum--the world was ice-free and largely subtropicaiut thereafter the Earth
entered a fluctuating cooling trend which, in bréadns, has continued till the present
day..

It was then that the broad ecosystems (ecozonashwie have today began to take on
their global pattern: tundra, coniferous forestideous forest, tropical rainforest and
grasslands. The last major group of plants tov@velas the grasses (famPpaceag,
which became important from around 40 Mya. In si&antermediate rainfall (500-900
mm per annum), grasslands and savannas (grassl&hdsome trees) replace forests---
as happened in east Africa at the time our homanizkestors were evolving. More
generally, grasslands coevolved with new and déeveustes of grazing mammals.

IDEAS FOR A WORLD VIEW

This chapter is a brief version of science’s starthe extended origins of our ancestors,
the first primates, and the world into which theyezged some 60-65 Mya. Some may
still be puzzled by the idea that this, the eatrliestalment of the human story, could be a
useful platform (among others of course) from whlcontemplate the converging
problems of the contemporary world; a bit like gting climate change before deciding
to take an umbrella, perhaps? The puzzled maighebut, saying it again, and more
explicitly, there are several ways in which a faanity with this story stands to support
and inform those responding to perceptions of aar€hoot Crisis in which primates are
heavily implicated.

Overall, it is a story from which elements of aeswie-based, naturalistiorld viewcan
be extracted, a world view beiagcoherent system of fundamental beliefs that descr
reality.2> More specifically, it suggests various core psifions about our lineage’s
identity, about the way the natural world behaves @out processes which drive
change in the natural world.

85 Aerts, D., Apostel, L., et al, 1994, World Views: From Fragmentation to Integration, VUB
Press, Brussels; Internet edition 2007,
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Humans are primates

An entity’sidentityis the characteristics by which it is recognise&r@wn, such things
as its history, its similarities-differences withngparable entities and its functional links
inside some larger entity. This chapter is antation to envisage a wider-than-usual
identity for the primate (and hence human) lineage:

Primates, including humans, are not only Sagarigden of the stars,’ they are children
of the Sun, the Hadean Earth, the first prokaryetdsaryotes, the first vertebrates, the
first amphibians and the first mammals. And, food measure, the big bang. All
primates are ‘cousins.’” In terms of adapting wbgl change, the primate lineage should
be recognised as having survived five mass extinstivarious icehouse and greenhouse
regimes, 5-6 supercontinent cycles, oxygen poigpnhydrogen sulphide poisoning,
oxygen surges, nitrogen drought, great sea le\an@ébs, asteroid strikes, irradiation
events, a slowing Earth and a slowly warming S&daptive technologies (survival—
promoting ways of doing things) evolved by the @ienlineage at different times include
slime, aerobic respiration, endosymbiosis, mohikgxual reproduction, heterotrophy,
multicellularity, specialist cells and organs, lreathing, warm-bloodedness, small
litters, bipedalism, omnivory and group living.

Evolution and ecology are inseparable

None of these technologies is exclusive to primateourse. Biological evolution is a
‘branching’ process in which genetically similarmptations begin to diverge (become
genetically different) and, over time, become safgaspecies, i.e. split into separate
branches on the tree of life, to use an ubiquitoetaphor. When one lineage branches
into several, each branch retains most of the t@olgres developed by their common
ancestor. Over evolutionary time, the tree of s sprouted innumerable twigs and
branches only to have nearly all of these ‘prureedspecies, families of species etc. have
gone extinct. Still, despite a plethora of majod amnor extinction events, the variety of
life forms on the planet, itsiodiversity,has increased, in saw-tooth fashion, since
Archean times.

For example, an analysis by Robert May suggestsgtieanumber of orders of aquatic
animals jumped in Cambrian, and Ordovician times, @mained more or less stable (at
80-100 orders) through the Silurian, Devonian, Garerous and Permian before
dipping in the Triassit® Orders of land animals only increased with tHar&in and
reached a sort of plateau of about fifty by thenitan. A large increase in the number of
mammal orders after the Cretaceous was becauseeatitforders arose to play similar
ecological roles on different continefifs One of May’s conclusions is that once all of a
region’s ecological niches are filled, the numberextant species tends to stabilise.

Lineages do not persist, radiate (branch), adaji\(e without branching) or go extinct
in isolation. While lineages come and go, thodamxat any time coexist
interdependently in ecosystems and coevolve with ether and with the physical
environment. That, in a nutshell, is what was happewithin the ecosphere from

86 May, R.M., 1973, The Stability and Complexity of Model Ecosystems, Princeton University
Press, Princeton, p.178
87 May, R.M., 1973, 1bid., p.181
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Archean times till the emergence of primates. éajesuitably elaborated and
transformed, the same model provides a first utaedsg, of the contemporary human
ecosystem, including its economic and politicalctures. Strange as it sounds, today’s
world is still very much the world of the first prates.

More explicitly, the history of the ecosphere canunderstood as a dynamic (ever-
changing) tapestry of niches and the lineages whichipy them. Since Archean times
lineages have been organised into ecosystemslosimccupied, respectively, by
primary producers (e.g. green plants, phytoplanktmnconsumers (e.g. zooplankton,
herbivores, carnivores; primates) or decomposegs fiengi, prokaryotes). Most
relationships between populations of species isystems are based on the trophic
niches they occupy as producers, consumers or gexs®ars, e.g. plant and herbivore,
predator and prey, phytoplankton and zooplanktaragite and host, scavenger and
carrion. Equally important though are the many Isitiic and competitive relationships
that develop within and between species.

Symbiosis and competition are both important

Competitive relationshipgsually involve organisms from one or more speseeking
access to the same resource. This may mean doexdetition for a limited food
resource (as in overgrazing, overfishing), or lédisset competition as in technologies for
allocating various ‘instrumental’ or ‘positionaksources, e.g. living spaces such as
nesting sites, forest plants seeking sunlight, metenpeting for females. When a
contested resource is consistently scarce, nagelattion leads to the preferential
survival of the lineages and ‘sub-species’ whiahpme way or another, capture relatively
more of the energy and materials accessible framithe. Competitive displacemersgt
competition’s extreme outcome, wherein one speeaiesvader or immigrant perhaps,
crowds out a niche’s incumbent species, e.g. thegpital dingo displacing the marsupial
thylacine.

Symbiotic relationshipwithin and between species have been importathteiecosphere
since the time of the earliest bacterial ecosysteBreadly defined, such relationships
are patterns of activity which enhance the surywakpects (e.g. make life more
predictable) of the interacting partnerssgmbiontsand can take disparate forms under
labels such as endosymbiosis, exosymbiosis (elgens, mycorrhizae), gene sharing
(e.g. sexual reproduction), synergy, associatiartpalism (e.g. pollination by insects),
commensalism (e.g. tree orchids), cooperation frugting in packs), division of labour
(e.g. castes in beehives), information sharing @agm calls). Indeed, persistent
ecosystems are themselves complex multi-partnebyim relationships in that the
‘stocking rate’ (population size) in each speci@she is stabilised (within limits) by the
stability (within limits) of the ‘stocking rate’ iall other niches, particularly those ‘close
by’ in the food chain. Conversely, if the populatio one niche crashes or booms, there
will be a chain of repercussions through other es;imore so if the species involved is a
highly-connected okeystonespecies.

Symbioses are emergent relationships, i.e. thetharepportunistic, largely
unpredictable products of spontaneous self-re-asganinteractions, and they persist for
as long as both the partners and the conditionsrttiaced the symbiosis persist. What
then are the conditions necessary to bring forthsarstain symbioses? While every
situation is different, a general answer can bemin thermodynamic terms.
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Ecosystems are dissipative systems, componente efmiverse-wide thermodynamic
process which degrades high quality energy intodoality energy as rapidly as
circumstances permit. Diverting some of the endi@ying through an ecosystem into a
new symbiotic relationship increases the rate athvthe ecosystem is degrading energy,
as well as making it more complex, i.e. havingghbr free energy rate density. So, if
the pre-conditions for a symbiosis are in placeilitemerge when sufficiently activated,
e.g. when an appropriate immigrant species arrives.

When a symbiotic relationship persists over gei@rat it becomes a selective
environment, a niche in which the symbionts evalud coevolve, both genetically and
behaviourally, e.g. angiosperm fruits become mdracive to primates and primate
hands adapt to the fruit-harvesting task. As itieslges in a symbiotic relationship
coevolve, their previously separable (though irdting) evolutionary fates move
irreversibly together. They stand to become aoligonary individual,” capable of
entering new symbiotic relationshiffslf such a new entity does become stabilised and
persists, then it will, in turn, be able to pagie in a similar process, one leading to the
construction of a more stratified or hierarchicaih of ecological organisation.

The ecosphere is vulnerable but resilient

Whether it be ecosystems or other forms of dissipaystems, the standout lesson is that
every dissipative system persists only by courtdsy stable-enough parent system from
which a supply of free energy, and materials peshegn be drawn. Thus, every
dissipative system has a dual nature: it is a whnolself, and it is a part of some other
whole. Energised by its high-temperature coretardSun, the planet has, for four

billion years, been a remarkably stable parenesygor the global-scale material-energy
cycles of the hydrosphere, atmosphere and lithasphe

And, notwithstanding extinctions, for the emergecwsphere too. The global life cycle,
has abstracted increasing quantities of energyvatdrials from the Sun, Earth’s core
and pre-existing global material-energy cyclesonkPre-Cambrian times when it
comprised only communities of bottom-dwelling sjgscithe ecosphere has been drawn
to expand spatially into previously unexploited ieomwments, physical and geographical.
Thus life has successively colonised the full deytthe marine etc. water-column, the
water’'s edge, ‘dry’ land and, finally, airspace.c@eaphically, life has spread through a
full spectrum of warm and cold, wet and dry, laragses and seascapes; at all latitudes
and altitudes. A ‘quilt’ in which the ‘squares’edlarge ecosystems land systembas
been thrown across Earth’s surface. Itis a paweatta that even complex landscapes
are built up from a relatively few types of ‘buitdj blocks,” small open ecosystems
calledland units These are repeated in characteristic patteraslakge areas (perhaps
hundreds of sq km) with each pattern being callzthd systenor ecoregion Each type
of land unit can be described as having (co)evoévetaracteristic type of natural
vegetation growing in a characteristic soil on arelsteristic type of terraif. For
example, cracking-clay soils impose such expans@rtiraction stresses on tree roots in
seasonally wet-dry climates that only grasses garnv& on these soils.

88 Griffiths, P.E., and Gray, R.D., 1997, Replicator II: Judgement Day. Biology and
Philosophy, 12, pp.471-492.

89 Cocks, D., 1992, Use with Care’ Managing Australia’s Natural Resources in the 215t
Century, University of New South Wales Press, Sydney, p.46
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When a mature land unit loses all or most of apfiic structure, and its constituent
organisms, to a short-term exogenous (externaljnthance such as flood, fire, drought,
pests or diseases, or to endogenous (internalpnarfidctuations in lineage numbers it
will begin to recover its previous structure onlee perturbation passes or exhausts itself,
e.g. the parent system’s weather and landscape tettheir ‘normal’ steady state.
Recovery commonly takes the form of a tempsetaicessionn which each lineage re-
establishes itself, for a time at least, dependimgvhich other lineages have already
returned and what is available from outside ‘resisV (e.g. nearby land units) for
recolonising the system’s emerging niches.

Lineages come, stay and go. The dynamics of ssiczeare such that many returning
lineages enter symbiotic relationships with alreestyrned lineages, only to find
themselves out-competed and eliminated as the ssioceproceeds and the extant mix of
lineages changes, e.g. low-growing early colonigetshaded out by later colonisers.
Indeed, some lineages appear to depend on a pesiodgblification of their environment
to persist, e.g. grasses in a fire-prone shrubrsavanvironment. More generally, if the
physical environment (weather, landscape etc.) doeseturn to ‘normal,” some

returning lineages may prove to be so poorly adbhjmtehe changed conditions that they
becomdocally extinct.

The history of the ecosphere is graspable

Something comparable happens in mass extinctiors-giasrsification sequences, but on
a grander scale in space (e.g. ecozones, clustec®r@gions, continents, the globe) and
time (e.g. millennia, megayears) than at successgmale of land units-ecoregions and
decades-centuries. Despite being ultra-slow byarustandards, it is at this scale that
the history of the ecosphere can be best graspibe imind’s eye.

From the Big Bang to the Hadean Earth, the prestysif the ecosphere centres on the
emergence at progressively lower temperaturesateession of increasingly complex
and energetic dissipative systems, each encaked;liinese boxes, in a larger, slower
‘parent’ system. Since the Hadean Earth cooledteamperature at which life could
emerge in a form stable enough to persist, theepnuilt of ecosystems has been
constantly reworked at all scales. At global sctiliss reworking can be explained in
terms of processes which have led to habitat leggadiation for suites of lineages over
very large areas and, conversely, to broad-scdlgat@reation-improvement for other
lineages. While large niches can remain more-sg-lenoccupied for a long time (up to
tens of megayears) the quilt persists overall bszathat is niche-degradation for one
lineage has commonly proved to be an upgradingriother. The supreme example,
with gigayears of consequences, is the widesprealdaement of anaerobic
microorganisms by aerobes as free oxygen leveisrbse in ocean and atmosphere.

Like progressive oxygenation, most of the proceggesh have initiated mass
extinctions and/or afforded opportunities for mdsrsifications have been relatively
slow and progressive. Examples include oceanicatmdspheric warming and cooling;
acidification, fertilisation, de-oxygenation andification of the oceans; sea level
change; ozone buildup; supercontinent formationsien and breakup; and extensive
glaciation.

A few, like asteroid strikes and the supervolcanglsse ejaculates have occasionally
produced ‘volcanic winters’ have been brief anchhygenergetic. In contrast, the slow
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buildup of CQ from long-lasting volcanism over extended areasgraduced
‘greenhouse’ climates on occasions. More ‘norrpatterns of volcanic activity and GO
production have, several times, proved sufficierglowly reverse the very low GO
levels associated with ‘Snowball Earth’ conditions.

The ecosphere itself has initiated many processashwsooner or later, have affected the
broad-scale reworking of the ecosphere. Apart floenassimilation of C@and the
generation of oxygen by plants and algae, thedededhe production of }¥$ and

methane by anaerobic organisms in deep-water satBnproduction of atmospheric
aerosols; accelerated rock weathering-soil formatmd the accumulation of biological
residues in coal and limestone deposits.

The history of the ecosphere can be likened tmeoming tide with each new wave
taking suites of adapting, radiating and colonidingages further up the beach and each
retreating wave taking suites of declining and defdineages out to sea. The balance
between lineages gained and lost varies betwestectuof ecoregions (different
‘beaches’) depending on the particular broad-sdadages in the physical environment
associated with each ‘wave.’

Lineages and communities of lineages decline oodteas their reproduction rates
decline or fall to zero. The reasons can be manyiaterlinked but, broadly speaking,
changes in the physical environment destroy soneages directly---their homeostatic
limits are exceeded---and other lineages declinenitheir trophic niches shrink. For
example, a predator dies out when its prey diesarig temperature rise which is
tolerable for one coral may be intolerable for &ieot In a mass extinction all
ecosystems in a very large area, a suite of eammegstand to be drastically simplified,
regressing to fewer lineages interacting via fetngphic, symbiotic and competitive
relationships. Whole trophic levels might disappeay. top carnivores.

The following wave of diversification (if not interpted) will see the remnant ecosystems
evolving anew, both genetically and ecologicalbyyards a replacement set of mature
ecosystems incorporating increasing numbers oagiee and linkages. But, unlike a

local succession following a local extinction, thakeup of the incoming ecosystems
here stands to be markedly different from the estesys being replaced. With local
extinctions, the physical environment is less kel have been permanently changed and
neighbouring land units can seed the recoveringystem with plant and animal

colonists similar to those eliminated in the extiio event.

So, what sorts of species stand to survive theefood progressive extinction and become
founder members of radically different ecosysteri$ey are more likely to be
generalistsas to their niche requirements (e.g. omnivorglgerahan carnivores or
herbivores) and napecialistsi.e. not obligatorily dependent on a few tight
coevolutionary relationships for their survivalgecorals). And they are more likely to
be genetically diverse, already existing as a nurabecotypesany one of which might
prove to have the physiological and behaviourxilfiéity needed to survive the threats
to survival associated with the beginning of anretion event. However, if they are to
continue to survive cumulating extinction-presswaed initiate a wave of diversification,
these founder lineages will need to keep adaptmgtcally and radiating genetically
and geographically into their depleted and stitoting environment.
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The Australian biota provides clear examples. &separating from Gondwana in
Cretaceous times, and since the End-Cretaceousaxtisstion, the Australian flora has
been dominated by just two genedaaciaandEucalyptus--wattles and gums. Both are
now widely distributed and both are rich in specadlectively over 1000. And from an
ancestral kangaroo-like creature there developedtithRed Kangaroos that live on the
inland plains and the forest-dwelling Grey Kangarobleavy-footed kangaroos, the rock
wallabies, also evolved, as well as a variety cdléswift things that haunt tussock and
undergrowth. Two kangaroos, in tropical Cape Ybiye climbed back into the trees
and eat fruit and leaves. Wallaby, Wallaroo, Tundeaddymelon, Potoroo: these are all
kangaroos springing from one or perhaps two kirfdsmoestors®

And, at any time, a mass diversification can bécted or depleted by immigrants.
Thus, immigrants from south-eastern Asia begawiagiin Australia 30 million years
ago, as it was ‘colliding’ with Asi&: These ‘recent’ arrivals include the bats, the
ancestors of which were able to fly here. Themnelaee the true rats and mice, the
forebears of which probably drifted here on flogtdebris. The small Asiatic wolf, the
Dingo, almost certainly arrived recently (withirfeav thousand years), brought by the
nomadic Aborigines perhaps, and so it has notréiffieated, and now probably never
will, into more than one of its kintf.

Adaptive technologies enhance survivability

Alongside a long-term erratic trend towards greatesrgy use (capture and dissipation)
by the total ecosphere, there is a similarly ex¢ehttlend for more recently evolved
organisms (and their ecosystems) to be more contpéaxtheir ancestors, i.e., by
Chaisson’s measure of complexifjthey process more free energy per unit bodyweight.

How? Why? Once aerobic respiration had evolveshtgr complexification became
possible to the extent that oxygen was now aval&bbetter drive the conversion of
food molecules into energy-storing ATP molecul@&bat is, additional energy could now
be mobilised to allow and support new ways of eyginaterials, which is what
complexification means. Possible new ways for l@anism to function, e.g. incipient
symbioses and genetic mutations-reorganisationgldyw longer be automatically
rejected (selected against) on energy—shortagendsouAny tentative new adaptive
technology now stood to be incorporated if it erdehthe survival-reproductive
prospects of the lineage.

More generally, the trend towards complexificatiompersistent lineages and ecological
relationships has, for much of the ecosphere’®hisprobably been oxygen-limited.

That is, each long-term rise in the atmosphereyger content has seen a corresponding
rise in the complexity of the ecosphere’s radiatingages and their associated

9 Cocks, D., 1992, 1bid., p.24
o Flannery, T.F., 1988, Origins of Australo-Pacific Land Mammal Fauna, Australian
Zoological Reviews, 1, pp.15-24.

92 Marshall, J., 1966, The Great Extermination’ A Guide to Anglo-Australian Cupidity,
Wickedness and Waste, Heinemann, London

93 Chaisson, E., 2004, 1bid.
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ecosystems, e.g. from eukaryotes to mammals. nfggtiof falling oxygen levels,
lineages which had become adapted to higher oxigyets either re-adapted (e.g.
became smaller, became air-breathers) or tendee displaced by lineages which were
less oxygen-dependent. By primate times, cord$@ed rainforests were well
established as examplear excellencef highly complex ecosystems, characterised by
long trophic chains and richly connected food weirgl by evolving and coevolving
lineages and niches.

As illustrated through this chapter, complexifioatican take many forms, most of which
can be understood in functional terms as adapsuevival-promoting) technologies.
Ecologically, these include adjustments which iasregly stabilise competitive and
symbiotic relationships, i.e reduce their varidapiand increase their reliability. Once
stabilised, such relationships become platformw/bich a further hierarchical level of
relationships can be established (if the requisite and energy flow are available).

At the biological level, that of the individual @gism, and grafted into an ever-changing
mix of lineages, certain categories of adaptatlaep re-appearing at all stages of
ecosphere history. Thus, from prokaryotes to prsiave can identify how diverse
adaptive technologies have been ‘invented’ whichgrie way or another, enhance the
organism’s capacities for such generic tasks as:

Energy storage and mobilisation (e.g. ATP, fatszetiuscle)
Acquiring oxygen, food and water (e.g. gills, mak)l

Acquiring, storing and using information about #revironment (e.g. sensory organs,
DNA, instincts, memory)

Reproducing and dispersing offspring (e.g. breedyujes, seeds)

Internal communication and transport (e.g. hormpnesves, sap)
Regulating internal temperature (e.g. evapotraaspi, sweating)

Habitat modification (e.g. burrows, rock weathejing

Building protective structures (e.g. bark, shells)

Using limiting resources more efficiently (e.g. dgging, recycling nutrients)

The common theme behind these (and other) categoirigdaptive technologies is not
just that they are all survival-promoting, but tttay all seek to improve a lineage’s
survival prospects in one way, and that is by reduthe impacts on the lineage of
environmental variability of one sort or anothegluding fluctuations, shifts and
shortages at various space-time scales. Attemptinrther generalisation, such
adaptations are achieved by either avoiding imparcks absorbing them without losing
functionality. Thus, the closing leaf-stomata dmoé day or migrating with the seasons
are clear examples atoidance technologiesdomeothermy and plants which can
tolerate flooding for long periods are exampleatdorption technologiesRisk-
spreading (e.g. widespread seed dispersal), iligatian (e.g. egg production, implanted



66

embryos), redundancy (e.g. multiple sensory chameld anticipation (e.g. memory) are
other terms used to understand how organisms coem@onmental variability.

This completes my summary and explanation of tehy and dynamics of Earth’s
ecosphere, up to the evolution of primates. The cleapter turns to the biological,
ecological and early cultural history of the priméiheage, that which, in time, would
spawn modern humans.

APPENDIX: M ORE ON SELF-ORGANISING SYSTEMS
A mathematical analogue

What is happening when a system self-organises® wkry? One way of explaining the
behaviours of real-world dissipative systems imtp them into (draw analogies with)
the behaviours of isomorphic (similarly structuregi$tems of mathematical
relationships. For smodellingdissipative systems, the relevant mathematicsaappe
be the study of trajectories through time of solusi to systems of differential equations--
-what is known as théheory of non-linear dynamic systemseaning systems which
change through time but far from smootfityMore popularly, this body of theory is
calledchaos theory Drawing on this theory and its vocabulary, wiaesystem self-
organises (restructures itself) from one networgaths for cycling its component
materials to another network, it is being pushedobwnebasin of attractiorand into
another. Once inside such a new basin of attmactiee system spontaneously moves,
under the impetus of (predominantly) positive fessdkbprocesses, along a trajectory
towards a restricted part of the basin calledstitector.

Francis Heylighen defines an attractor as a regictate space (this being the set of all
conceivable system configurations) that a systemecder but not leave; not leave easily
perhaps® Once a dissipative system enters an attractoomegs trajectory---the
sequence of states it subsequently cycles throwgh-+tend to stay inside that region.
That is, it will be in a steady state adfnamic equilibriumrand following arequilibrium
trajectory from which, left to itself, it will show no tendeyto depart. However, if it is
nudged or pushed off this equilibrium trajectory'bgise’, meaning small random
fluctuations in its material-energy throughflows by a modest change in rates of
material-energy inflows to the system, negativallieek processes will start up and take
the system back to the attractor trajectory. Aesyswhich returns to its former
equilibrium after being thus moderately disturbedefined to be istable equilibrium

In contrast, a system which isunstable equilibriunwould continue to deviate from its
equilibrium trajectory once such deviation is iaiéid. Unlike most human-designed
systems, self-organising systems have a strongitgpa restore themselves after
disturbance.

94 Abraham, R.A.., and Shaw, C.D., 1992, Dynamics: The Geometry of Behavior, 2nd edn.,
Addison-Wesley, Ca.
95 http://pespmecl.vub.ac.be/ATTRACTO.html (Accessed 4 February 2010)
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The extent to which a dissipative system’s trajgctoan be displaced from an attractor-
region and still return to the attractor when tistutbance ceases is a measure of the
system’sresilienceor homeostatic capacityp absorb and recover from disturbance.
Commonly, the larger the initial displacement, fdsgter the return to the dynamic
equilibrium of the attractot®

So, abasin of attractiorcan be looked at in two ways. One is to seethaset of all

initial system configurations such that, startingnii any of them, the system will
spontaneously move towards one specific attractesequence of states. The other is to
see it as setting the limits to the system’s honaiascapacity, namely the set of states
beyond which, after disturbance, it cannot move stiildreturn to the basin’s attractor.

The theory of non-linear dynamic systems recograsésast four types of state-
trajectories that systems can follow once they lemtered an attractor-region:

Point attractors are ‘one-state trajectories’. titigthe system appears to remain the
same even though its materials are continuallyingrover and it is degrading energy. A
system reaching a point attractor is said to keestationary state.

Cyclic or periodic attractors (also called limitobgs or stable oscillations) are trajectories
in which the system passes through a fixed sequafrstates and then repeats the same
sequence indefinitely.

Strange attractors (also called chaotic attractmes}rajectories which, without leaving a
bounded region of the current basin of attracticayerse an infinite number of states
without ever returning to a previously visited stafA system following such a trajectory
is said to be behaving chaotically and behavioanaay from nearly periodic to
apparently random.

Developmental attractors (also called homeorhétia@ors), are sequences of states (i.e.
trajectories) corresponding to developmental stagelmsses of systems which have
well-defined life cycles, e.g. organisms. More getly, a homeorhetic system is
regulated around ‘set points’ as in homeostasistimse set points change with time, e.g.
migrate across the basin.

When observing real-world dissipative systems difficult to confidently detect point
and cyclic attractors, partly because such onlypogtsimple systems with a few degrees
of freedom (i.e. unlike global cycles) and, alsmdom (inherently unpredictable)
disturbances obscure the underlying form of theetibr. More bluntly, cyclic and point
attractors exist only approximately and for limifgeriods. It seems that global cycles
and other physical dissipative systems are gendyatter described as having an
underlying tendency to behave chaotically andhegresence of frequent external
disturbances, more or less randomly, at least witie confines of the attractor
associated with the system’s current basin of@ttma. Developmental attractors, on the
other hand, seem to be more the province of bic&glissipative systems. A dynamic
system will stay within its attractor, transportimgterials, making static structures

% Schneider, E.D., and Kay, J.J., 1994, Life as aifédatation of the Second Law of Thermodynamics,
Mathematical and Computer Modellint9 (6-8), pp.25-48.
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perhaps, and degrading energy, until it is push&xa different basin by a sufficiently
prolonged and sufficiently large perturbatimrdisturbancemeaning a change in the
pattern of availability of energy/material inputerh the system’s environment. The
caveat here is that the disturbance should noo b@rge as to overload and destroy the
system.

More completely, disturbances which trigger sudh@ganisation do not have to be
exogenousneaning ‘from the outside’. They could éedogenous What does that
mean? Arendogenous disturbanae a self-organising system is a fluctuation ia th
external environment of a componenb-systerwhich is itself self-organising. That is,
an endogenous disturbance is a fluctuation whi@xternal to the reorganising sub-
system but internal to the total system. A smiadirge in one sub-system triggers a large
change and, from there, a reorganisation in othiessystems. The energy to drive this
sort of reorganisation from inside will normally eeergy which has been stored within
the system itself after being captured from thegn@owing into the system from the
environment. So, even though it is lagged, thegaasation is still being powered by
environmental energy flow.

If a dissipative system is located in an environtwamch is not variable enough to spill

it out of its current basin of attraction, the gystis said to bstable--at least in that
environment. Putting that another way, stabilityireal system means staying within
some basin of attraction. As well as being a fiomcdf its environment’s variability, a
system’s stability will also be function of its owesilience. Greater stability goes with a
system’s greater tendency to pull in (through pesiteedbacks), concentrate and
dissipate thermodynamic potential, i.e. organisatknmals and high quality (free) energy.
Other things being equal, a system which is supglyts own feedstock materials
through recycling is more likely to be stable, &hce persist. To take a global example,
when the energy and moisture load of the atmospdisyee a tropical sea of the
appropriate temperature becomes too large to toehsmisture aloft in the normal way,
the transport system may spontaneously re-orgésetieorganise) itself to include a new
attractor called a cyclone. A cyclone, becausemtprises fast-moving material, can
dissipate a much greater quantity of energy pdrtume for every gm of water it contains
than the normal evaporation-rainfall cycle (doihogs faster consumes more energy).
When the energy load on the tropical sea drops tmaotore normal levels, there will no
longer be a tendency for cyclones to form.

Recapitulating then, each of the global cyclesynéts, through which energy and stuff
passes, dissipating as it goes, reservoir by reselwnk by link, is, in the language of
non-linear dynamic systems theory, an attracter liasin of attraction. It is to this state
of dynamic equilibrium that the system returnscglyi or slowly, after disturbances from
outside or noise from inside---provided, as notedve, these disturbances are not too
large. If the degree of noise/disturbance is alsmree critical threshold level, part of the
global cycle will shut down (collapse) through laafkfeedstock. Alternatively, it will
react to the changes by self-organising, by sp@utasly jumping into another of the
system’s latent basins, one containing, perhapaiteactor ‘trajectory’ that can
successfully process the post-disturbance flowsaterials and energy as they enter the
global cycle in question.

A system which has been driven away from its dycaequilibrium state towards a
point, abifurcation point where it is close to undergoing a self-organisihgnge is said
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to be in acritical state. A self-organising system which has reached adation point is
unstable in the sense that it requires only a spuddle of energy to push it into one of
several adjacent basins of attraction. Which efahailable basins will be entered is
quite unpredictable; the outcome is effectivelyd@am and, in this sense, evolving
physical self-organising systems display the sdstied variation’ as biological systems
evolving in accordance with the Darwinian ‘variatiand selective retention’ model. To
complete the parallel with natural selection, eir@wphysical dissipative systems are
alsoselectedn the sense that successive variations will bected’ until the system
reaches a basin where it is stable, i.e. wher@nitpersist within its attractor trajectory
without being rapidly nudged or jolted, endogenguslexogenously, into a new basin.

Maximum entropy production

Something which cannot be proven, but which ismgjlp suspected by many, and which
can be mathematically modelled with some degremofidence?’ is that the global
dissipative system, the stable self-organisingtEastbehaving in accordance with the
maximum entropy production principle mentioned ab(see p.17). That is, at all times
and places, within the bounds of what is kineticéthaterially) possible, the Earth is
spontaneously attracted to that mix (network) ofemal-cycling energy-dissipating
pathways which produces more entropy, dissipates erergy per gm, than any other
feasible organisation.

There are normally many alternative pathways patytavailable to the material-
energy passing through any global cycle. To thergxhat these alternative paths are
incompatible, i.e. cannot proceed simultaneousily one can emerge, can be selected.
For example, a cloud can produce rain in Belgiunmdngland, but not both. Storms
can blow up anywhere. At any time a particulahpaty be blocked or open, depending
on what is happening in other global cycles or @i that same cycle, e.g. clouds can
reduce evaporation. What is being suggestedaast ie regard to the physical dissipative
systems of the pre-biotic Earth, is that the paldicmix of paths adopted for moving
stuff around will always be changing in the direntof increasing entropy production.
This capacity to spontaneously readjust the opegatiix, the active network of paths, in
a dissipative system in order to better meet,astlecally, the cosmic imperative to
maximise entropy production is at the heart ofg¢ék-organisation-reorganisation
process. Let me explain further.

Energy can only be degraded in the presence oematisically (but not exclusively) as

a corollary of moving it around, which means domgrk to overcome its inertia---
matter’s tendency to resist such movement. lissfnot possible for a dissipative process
to occur without producing some transient non-élpiilm structuring of its material
constituents. What Rod Swenson has usefully obsgdssthat, in such systems, ordered
(internally-correlated) flows of disaggregated rmattkinetic structures---produce local
entropy faster than disordered flows which relymhaon friction and conduction to

o7 Dewar, R., 2009, Maximum Entropy Production as an Inference Algorithm that Translates
Physical Assumptions into Macroscopic Predictions: Don’t Shoot the Messenger, Entropy, 11,
pp.931-944
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produce entropy? So, to the extent that different paths are feasible ‘most ordered’
mix of paths, the one which produces the largestusninof entropy and degrades the
largest amount aéxergywill be spontaneously selecteBxergyis a useful term for
high-quality freely-available energy which when dise do work is degraded to a lower
quality unsuitable for doing further similar worExergy lost always equals entropy
produced.

Thisthermodynamic selectida the behaviour which locally satisfies the cokrgal
(thermodynamic) imperative, namely the universergiency to eventually eliminate all
its own energy and material gradients. Distingunght from the additional sorts of
selection processes which occur in chemical, bioldgsocial and psychological
dissipative systems, it is helpful to define thedyramic selection as the process
wherein a self-organising dissipative system ‘gsojie way towards the physically
feasible set of kinetic paths which degrade enatglie maximum rate possible for that
system.

In the language of non-linear dynamic systems ntloelynamic selection is the process
whereby a dissipative system passes through asegoé basins in each of which it is in
unstable equilibrium until it reaches a basin-atwawhere it is in stable equilibrium. It
is stable because all the incoming exergy is baegegl to build and maintain kinetic
structures rather than to perturb existing stristuAnd, in a situation where all the
incoming available energy is being actively proeesthrough kinetic structures, entropy
production from that system-environment combinatigihnecessarily be as high as it
could be. Expressed in this way, ‘thermodynamijeateon,’ i.e. sequential rejection of
the unstable, is perhaps more descriptive thamtbeéynamic selection. Of course both
words have connotations of ‘purpose’ which areintnded’

So, while energy can be degraded by moving matartalnd in a disordered way, more
energy can be degraded by moving the same ma&eoiahd in an ordered or structured
way such as a convection current. For examplenvaheortex forms around the plughole
of an emptying bathtub, the rate of emptying acedéds. Moving any material faster
uses more exergy and produces more entropy. Fremliserver’'s perspective, a
structure here is a persistent macro-pattern @f stme in which the finer-scale material
components in each part of the pattern are beimgtlover (imported and exported)
incessantly, more or less regularly and more & &surately in terms of reproducing the
macro-pattern. The system will tend to be kindfjaanstable (tend to keep changing) as
long as a still more ordered structure, a new @tiraequiring still more energy
throughput to maintain it, can be constructed ftbmavailable materials. It is only

%8 Swenson, R., 1991, Order, Evolution, and Natural Law: Fundamental Relations in
Complex System Theory, In Negoita, C., (Ed.), Cybernetics and Applied Systems, Marciel
Dekker Inc., New York, pp.125-148. Thedegree to which a system is ordered or structured is
measured, in principle, by the amount of information (usually measured in binary bits)
required to describe how it is configured, molecule by molecule. More prosaically, order in a
system means there are fixed relationships (correlations) between the parts of the system.

%9 Salthe, S.N., 2010, Maximum Power And Maximum Entropy Production: Finalities in
Nature, Cosmos and History,: The Journal of Natural and Social Philosophy, 6 (1), pp.114-
121
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when this is no longer the case that the systerbeikinetically stable, will be
maximally ordered, will be producing entropy at thaximum feasible rate and will be
degrading a maximum amount of usable energy.

Succinctly then, the more structure there is imsaigative system, the more entropy it is
producing, the more free energy (exergy) it is ddgrg, the more energy it is storing, the
more outside energy it is using to maintain itsglfl the more rapidly the cosmological
drive towards equilibrium is being satisfied. Amalcomplete the mutually causal loop
here, the more energy it is degrading, the morestre it is producing and the further it
is from equilibrium.

Not only is such behaviour illustrating Swensorrsmgiple of maximum entropy
production, it is consistent with Chaisson’s viefaewolution as a grand self-organising
process in which ‘islands’ of increased complexitgreased structure) and increased
free energy rate densigmerge from a falling ‘sea’ of pre-existing lessnplex systems
and persist when conditions are right, i.e. whamstraints on what is possible are
relaxed™® Free energy rate density is the rate at whichgpeof material, a system is
processing energy. As we shall see, Chaissontepsos most dramatically illustrated
by biological evolution but, as noted earliersitiso evident in the pre-biotic universe.
Self-reorganisation in the direction of maximumrepy production is also self-
organisation in the direction of a system in whHige energy rate density has been
increased. Chaisson’s work has focused on the jarfrpe energy rate density which
occurs when a radically new sort of dissipativeeysemerges but, less spectacularly,
the same is happening when any dissipative systéfmedrganises in response to an
increased energy throughput.

A final idea which neatly links the ideas of setfyanisation and maximum entropy
production is that a self-organising system whiah kettled into a strange-attractor
region in a state of dynamic equilibrium is alslausibly, producing entropy at the
maximum rate possible for that system.

100 Chaisson, E., 2001, 1bzd.
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CHAPTER 2 STAGES IN THE EVOLUTION OF MODERN HUMAN S

From placental mammals and primates to the first humans
Down on the ground
Australopithecines and their brains
Habilines and erectines
Cultural and genetic evolution in the Pleistocene
Memory and learning
Feelings and emotions
The further evolution of non-verbal communication
The transition to spoken language
Selecting for language skills
Humans of the late glacial to early post-glacial period
After the Mt Toba eruption
New behaviours
New minds
Reflections on hominid evolution
When is a species vulnerable to extinction?
Constraints and trajectories in phylogenesis

The hominid experience

FROM PLACENTAL MAMMALS AND PRIMATES TO THE FIRST HUM  ANS

A convenient place to begin a brief history of theman lineage is with the placental
mammals---hairy, sweaty, toothed, lidded, flap-ddoeir-limbed animals with lungs,
four-chambered hearts and developed brains. Théyairaa high constant body
temperature. Their young are produced from embaytashed to a placental organ in a
uterus and, after birth, are nourished by milk frm@mmary glands. The oldest fossil of
a placental mammal, dated to ¢.125 Mya (millionrgesyo), is a ‘dormouse-like
creature’ 10 cm long.

Towards the end of the Cretaceous period (70-65 Mymospheric changes, including
cooling and reduced sunlight, caused, perhapsubtyftbm a super volcano or by an
Everest-sized asteroid led to the extinction obdaurs, plesiosaurs, ichthyosaurs,
pterosaurs and much else. In fact no animal spaeeighing more than 10 kg survived
this shock. Since this event, mammals and flovgeplants have been the dominant
groups of organisms.

Primates, distinguished by their good eyes anddfleXhands and feet, are a taxonomic
division (anorder) of the placental mammals that includes the pr@sis(primitive
monkeys such as lemurs), apes, monkeys and huri&esearliest primates appear in
the fossil record at the end of the CretaceoudM$&®) and become abundant during the
Paleocene (65-55 Mya). They were small-clawedvstiiee quadrupeds living on the
ground and in the security of trees. In the Eo¢&be38 Mya), primates finally took
wholly to trees and developed many novel methoa®ping with that environment.
Through natural selection various innovations idyostructure and function suited to an
arboreal environment appeared.
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These adaptatioh¥ included manipulative grasping hands (with opptesgiumb and
forefinger) and feet for leaping from limb to linsind stereoscopic vision for depth
perception (enhanced by a rotation of the eyekddrbnt of the skull and a reduced
snout). Parallel development of the cerebral eoftertex is Latin for bark) led to ever-
better coordination of hand and eye (importaniioking fruit rapidly). Sight and touch
began transcending smell and hearing as the img@émses. Primates began living in
social groups in more-or-less ‘fixed’ territoriesdarelying increasingly on socially-
learned rather than instinctive behaviour. Begrgtorial included a willingness to expel
trespassers, particularly of their own specieses€hadaptations can be plausibly traced
to the tree-dwellers’ diet of fruits from widelyagtered trees. Large territories of
scattered ‘randomly flowering’ trees can be batefiended and better exploited by
groups of primates with good colour vision for fimgl fruiting trees and fingers suited to
picking the crop. The use of group ‘scouts’ isséfiective way of amplifying the
individual’s senses.

Large litters are a disadvantage for mobile aninma&n arboreal environment and
primate reproductive strategy evolved towards nikensively caring for but one or two
offspring. Also, being in a relatively tropical\eronment there was little need to limit
sexual receptivity to certain periods of the yeBeing able to mate throughout the year
encourages pair-bonding and is helpful for incregsiumbers in a species with a low
birth rate. Having young with an extended depeong@eriod and having a habit of
living in groups for assistance, protection anddféiading were two developments
promoting band cohesion and forms of social orgdius that eventually led to human
culture.

Throughout the Oligocene epoch (38-25 Mya), monkay apes, the *higher’ primates,
flourished. By 25 Mya the short-tailed dryopithmeeapes regarded as ancestors of
humans and other extant apes were well establishidir evolutionary success was
enhanced by a coevolution between the seed-distrdpprimates themselves and seed-
producing trees, a symbiosis which led to seedsgtf food value and an omnivore diet
of seeds, insects and small reptiles.

During the Miocene epoch (25-5 Mya) the great apeilfy, the Hominoidae split into the
ancestors of orangutans, gorillas, chimpanzeewanmdns. Some 17 Mya orangutan
ancestors were the first group to diverge, withgbslla-chimpanzee-human divergence
coming towards the end of the epoch. Sarich anddWj drawing on molecular dating of
DNA, suggested that gorillas, chimps and humangldeave had a common ancestor as
recently as 5 Mya’? Other more mainstream estimates have the gsfillting off

some 8 Mya and put the chimpanzee-human split7/aiia.

The speciedrdipithecus ramidudas a strong claim to being the earliest forerunhe
modern humans to be identified. In 2001, a specifoend in Ethiopia was carbon-dated

101 Tn biology, adaptation is a word used to describe both a process and its product.
Adaptation is a process of natural selection (differential reproductive success of genotypes in
a population) which produces adaptations. An adaptation is an unprecedented anatomical
structure, physiological process or behavioural trait in a population of organisms which, at
least in the short term, increases that population’s capacity to survive and reproduce.

102 Sarich, V.M., Wilson, A.C., 1967, Immunological Time Scale for Hominid Evolution.
Science, 158, pp.1200-1203
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at around 5.2 Mya. Other specimens confirm thdy éeminines (human ancestors),
includingAustralopithecus afarensisvalked upright on two feet 4.3-4.5 Mya.

CHAPTER 3 EMERGENCE AND EVOLUTION OF COMPLEX SOCIE TIES

The Idea of a Universal Evolutionary Process
Evolution Has a History
The Biological Eon
The Cultural Eon
The Neolithic and Urban Revolutions
12 000 BP-6000 BP The Neolithic Revolution
6000 BP-3000 BP The Urban Revolution
The Cognition-consciousness Revolution
The Problem of Consciousness
3000 BP-2000 BP New Religions, New Thinking, New Societies
Coevolution of Food Production, Society, and Ecosphere 12000 BP-2000 BP
Holocene Survival Strategies
Explaining Change in Human Ecosystems
Patterns of Technological Change

THE IDEA OF A UNIVERSAL EVOLUTIONARY PROCESS

Is there a sense in which the evolutionary proegssh has produced everything from
elementary particles to the industrial age has ydvieeen the same process? And, if it is
not just one process, how many processes is it?

At a very general level, all evolutionary changes @ertainly expressions of a single
universal process, namely one in which an exigfisgipative system spontaneously
reorganises all or part of its static and kinetiactures in a way which converts higher-
quality energy (exergy) from one form to other ferat an increased rate and, in so
doing, increases the overall rate at which low-fy&nergy (entropy) is being produced
and dissipated into the parent environment. s $ense the evolutionary process is a
spontaneous equilibrating process, satisfying erfttodynamic imperative’ to reduce
thermodynamic potential (flatten energy gradieirtshe most effective available way.
Inverting this, the principle, the law perhapswiaich the evolutionary process is
conforming is that entropy spontaneously increaséise maximum available rate.

Newly-organised dissipative systems, singly orambination, can behave in
extraordinarily diverse ways and have diverse irtgpan their surroundings. Much
effort has gone into recognising recurring ‘contiege’ patterns in such behaviours and
impacts. For example, the theory of non-linearatyit systems (see page 66) suggests
various templates for the behavioural trajectoryg.(eyclic, chaotic, point) of a system
entering a new basin of attraction and clarifiescapts like thresholds and resilient
behaviour (bouncebackability!). Some systems swapidly through a sequence of
basins, others persist stably in one basin. Qtlelirrecognised behaviours include the
formation of hierarchies of systems (systems coethin or made out of other systems)
and various symbiotic interactions between systeviis. might also note, as pointed out
by Stanley Salthe, that, from a self-organisatierspective, the distinction between
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evolution (moving between basins?) and developrfreaving within a basin?) becomes
blurred!®® They are overlapping historical processes.

Here, it is not our intention to attempt to abslyaand comprehensively classify what is
a superabundance of dynamic behavioural poss#silfor mixtures of evolving systems.
Perhaps it is just semantics, but | find it morefukto think of these diverse behavioural
possibilities as variations on one basic evolutigmqocess rather than as separate
evolutionary processes.

Evolution Has a History

The history of evolution can be written in termdfoé changing mix of products (types of
dissipative systems) which tleeolutionary proceskas created, maintained, destroyed.
A broad—brush anthropocentric history of how theverse has evolved over time to
produce contemporary humans and the world theyirivalls readily into three
overlapping ‘eons’, for want of a recognised woilthese are thBhysico-chemical EQn
theBiological Eonand theCultural Eon--names chosen to suggest the advent and
proliferation (and eventual decline in numbersjvbat are, from the perspective of their
human significance, three radically different typéslissipative systems. That is, they
are radically different in terms of the types oérgy and materials they take in and pass
out and in the types of kinetic and static struesuihey use those inputs to create and
maintain.

Central to understanding this temporal sequentteeifiggybacking’ idea gpath
dependences.g. that biological systems of the Biological Emuld not have evolved
without the prior evolution of physico-chemical &ms and cultural systems of the
Cultural Eon could not have evolved without thepgvolution of biological systems.
Nor could the systems of any eon persist withoatstlrvival of systems from previous
eons, inasmuch as it is these which nourish thasesystems with flows of materials and
energy.

Just as the history of evolution can be subdividéa eons, the history of each eon can
be subdivided into overlapping ‘ages’ identifyingripds of emergence and proliferation
of markedly dissimilar types of dissipative systeifisus, in the Physico-chemical Eon,
physical systems first emerged during tadiation agethat followed the big bang and
subsequently diversified over billions of yearslléwing the condensation of material
particles in a cooling universe (tparticulate agg, this eon produced successive
overlapping waves of galaxy formatiogafactic agé, star formationgtellar age and
planet formationgflanetary agg Particles, galaxies, stars and planets argpdisge
systems which come into existence and which, i tigie’ in some sense. Each age
signifies a major transition in the evolutionarpgess’s reigning product mix.

It was only with the formation of planet Earth a@tslchemically-rich water bodies that
thechemical agea link between the Physico-chemical Eon and tioéoBical Eon,
became possible. It was in the chemical age ifieéd precursors---sets of linked
autocatalytic chemical reactions feeding (metaadisi) off each other---first emerged

103 5a1the, S.N., 2010, Development (and Evolution) of the Universe, Found. Sci,, 15, pp.357—

367
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from an environment capable of sustaining suppfesiitably energetic raw materials to
these dissipative cycles.

The Biological Eon

The Biological Eon is conventionally, and adequagglough for present purposes,
divided into a sequence of ages characterised digystems that successively support
unicells, multicells, fishes, reptiles, mammals 8odering plants ,and humans.

Living systems provide an early and important exiangp dissipation through the
conversion of chemical energy to kinetic and théren&rgy. Such systems depend for
their survival on a process which is conceptuatigt aperationally different from the
process determining the survival of the physica ememical systems which preceded
them. At the heart of that novel process is thpacty of early life forms, namely single-
celled prokaryotes, to grow (ie process energyahnereasingly higher rate) to a
physically-determined ‘maximum’ size and then (apgmately) self-replicate by
dividing into two smaller, but otherwise still siam, physically-separate parts, each of
which can disperse (e.g. drift away) and regrowrtaximum’ size, provided energy and
material resources are not limiting. The fact iteparts are dispersed need not stop us
regarding a population of single-cell sub-systeimsned by a cascade of divisions, as
just one dissipative system.

Just as all dissipative systems take in energynaateérials, they all produce outputs or
products which can be described in terms of enangymaterial fluxes. The terms
autopoietic(literally, self-creating) andllopoieticare a recognition that the outputs of
living and non-living systems are fundamentallyfehiént. Non-living systems are
allopoietic, meaning that they produce things défé from themselves, e.g. volcanoes
do not produce more volcanoes. Living systems,goairtopoietic, produce outputs
which, following growth, will be very similar to #mselves; a population of unicellular
organisms outputs small unicellular organisms, edabhich stands to produce a
population of unicellular organisms!

Non-living systems rely for their survival on theeegy-materials fluxes that drive them
staying within certain ‘fixed’ tolerance limitsntits which can be thought of as defining
that system’siichein environmental space. If the system’s environihkeeps changing
in any particular direction it will eventually moweyond the environmental limits
defining the system’s niche and the system willessarily reorganise. Thus, if energy
gradients are flattening, the system will tenddtdapse, disaggregate, simplify or shrink
and, if energy fluxes are rising, the system vaitid to grow or complexify.

Early living systems, e.g. dispersed populationsiwiilar unicellular organisms, were
somewhat different. They relied (a metaphor) fairt survival in a changing and
spatially-variable chemical ‘soup’ on two attribsitehich followed from their tendency

to bud off imperfect copies of themselves (imperfederms of the molecular ‘species’
feeding and patrticipating in the cell’s autocatalglycles). One attribute was a tendency
to occupy (drift into) all accessible parts of thehe. The other was a tendency to extend
the niche to include environments where occasionpérfect copies proved able to
survive and replicate more reliably than their pgse Both tendencies improved the
population’s survival prospects. For example, alsoatastrophe which wipes out part
of the occupied environment will still leave paftioe population to survive and perhaps
multiply. Or, if the environment changed so thairenof it was favourable to some
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particular sort of ‘imperfect copy’, then that pamtar component of the population
would expand in numbers to fill the ‘new’ environmbe

For this two-pronged survival strategy (anotherapkobr) to work, each part of a
dividing organism has to reliably ‘inherit’ a spdga starter kit so to speak, of all of the
chemical resources needed for autocatalytic grewfgroceed. But not too reliably; a
populationof cells which all have exactly the same capaastyheir parents to process
environmental materials through an autocatalytawgin process may be less able to
survive a change in the availability of environnambaterials than populationin which
individuals vary to some extent. Conversely, & thheritance process is too unreliable
then most offspring cells will be unable to congrgrowing and dividing and the
population will remain small and at risk from locatastrophes. The optimum degree of
reliability in this ‘divide and bequeath’ strategyll depend in some complex way on the
variability of the environment.

Even though there are, at this early stage insliféstory, no genes being transmitted
between generations, a form of natural selectioiigetheless operating. When
individuals vary in terms of their autocatalyticechistry, some will grow faster and
divide more frequently than others, i.e. they Wél selected. Genes and chromosomes
evolved subsequently, functioning as a mechanisimhieliably transmitted, not so
much the molecules required for autocatalytic glgwiut encoded information which
triggered the construction of all necessary mokesfiiom the raw materials diffusing
into the cell. In time it would be the occasiomaperfect replication of genes (not of the
molecules participating in the cell’'s autocatalytycles) that would generate unicellular
organisms of differential fithess and hence créategpossibility of natural selection.
Gene-based natural selection would, in more tieeg] to adaptations such as a capacity
for directed mobility or for photosynthesis.

While gene-based natural selection is most commibralyght of as a process which
leads to speciation, it is, more fundamentallyr@ess which increases the survival
prospects of multi-organism dissipative systemated in a heterogeneous and changing
environment. Just as gene-based natural seldeticio populations of organisms of
various species being more likely to survive feinge, so did the emergenceadfitural
inheritanceandcultural selectionn populations with a capacity for individual learg

and imitation.

The Cultural Eon

When it comes to the Cultural Eon, there is, agawegll-recognised sub-division of
history’s passing parade of human societies. Whileure, in the sense of transmitting
learned behaviour to others, could well pre-dagedfpe of mammals, it suffices here to
divide the Cultural Eon into launting-gathering (or foraging) ag@farming-herding
age anurban ageand anindustrial age And while the seeds ofpst-industrial age
have no doubt germinated, the paramount featutleeodissipative systems that will
characterise that next age is not yet clear entmgive it a specific name.

Of these several ages nominated as comprisinguhar@l Eon, this book has so far
looked only at hunting-gathering. We have partdylexplored how cultural

innovations in the hunting-gathering age, includmnaterial, social, cognitive and
communicative technologies, co-evolved with suamseguential biological transitions as
those in brain size and organisation, the vocaaegips, body size and maturation rate.
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After the end of the last glacial, as energy flalr®ugh the biosphere increased and
climates changed, the stage was set for the nger maorganisation of the Cultural
Eon, namely a shift to a farming-herding age s lioi the evolution of farming-herding
and later societies that we now turn.

CHAPTER 4 THE ROAD TO HIGH COMPLEXITY

The Last Two Thousand Years
Trading networks
Northern invaders
Rise of Islam
Europe reorganises
Wind-powered trade
The Islamic Empire
The Mongols
Islam’s ‘post-Mongol’ empires
Early Renaissance
Printing
The rise and decline of Spain and Portugal

European imperialism and mercantilism
Fossil fuels and industrial capitalism

Changing perceptions of nature, people and society
World wars
A new order
The Postmodern Era
Understanding and reflecting on the Common Era
Globalisation
An ongoing accumulation of ideas
Continuities and discontinuities
The deep processes of eco-cultural history
The uses of history

This chapter continues our selective cultural mstd H. sapiensthe animal species
which, more than any other, has influenced the tityaof energy flowing through the
global ecosystem and the paths which those flolss (aar, population growth,
monument building etc). The best single indicatithe complexity of any energy-
degrading system is the rate at which it processesenergy---as more and more energy
flows through a system, degrading and convertingtier forms as it goes, additional
pathways made up of flow and storage structuresragged and, usually, existing
pathways are restructured. In the case of the hieoasystem, such thermodynamic

changes come to be seen as cultural change-cuituwhltion’®*

104 Nils Bohr’s Principle of Complementarity says two descriptions of nature are

complementary when they are both true but cannot both be seen in the same experiment. In
quantum mechanics, the wave picture and the particle picture of an electron or photon are
complementary. Similarly, one can have a picture of cultural evolution couched in
thermodynamic terms or in behavioural terms. Both may be true but descriptions from one
perspective leave no room for the other perspective. But, as seems useful, one can switch
between perspectives; also each description constrains what the other can say.
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Considering the human ecosystem as a whole, tlaesrbden a more-or-less monotonic
increase (ie no significant reversals) in the amofienergy it has captured and
processed in the last 12k years. Both the Neoldahd Urban revolutions can be viewed
as having been triggered by the adoption of newerpooductive technologies for
acquiring food energy, technologies which appeareen the niches for previous
technologies disappeared or degraded. Both resohkitelied (largely) on human and
animal power to convert solar energy to food enarmyy both were accompanied by
significant coevolution between food production andial and other technologies. The
mid-Holocene’s third revolution, the consciousnesgnition revolution, flowered only
briefly in response to the failure of the ‘cannibtit’ survival strategy of the Bronze
Age.

Now we look to understand an era in which non-lgmal energy sources start to play an
increasing part in powering cultural evolution. ddaexamples, energy-extraction
technologies which, over extended periods, havéde@dscades of technology change
elsewhere and to a changing cast of virtual sperielide:

Capturing wind energy using sailed vessels
Capturing the chemical energy contained in gunpowde
Capturing the chemical energy contained in fossld

Of the biological sources of energy playing expahdges in the Common Era (CE),
horse power stands out (perhaps camel power too?).

More generally, my guiding principle for reducindpat | know of the enormous history
of the Common Era to an organised preécis will bey@nd identify trends, events
discontinuities and processes---such things aslptpa growth, new technologies,
human-made and natural disasters---which, on thk ditrends in energy use, appear to
have had the greatest consequences for the welltloéilarge numbers of people, either
immediately or over time. Later, with the hopegetting a better idea of what we need
to understand about contemporary societies if we@pursue a social goal of ‘quality
survival’, we will reflect on what has been selecte

THE LAST TWO THOUSAND Y EARS

Away, for we are ready to a man!

Our camels sniff the evening and are glad.
Lead on, O Master of the Caravan:

Lead on the Merchant-Princes of Bagdad.

Have we not Indian carpets dark as wine,
Turbans and sashes, gowns and bows and veils,
And broideries of intricate design,

And printed hangings in enormous bales?

We have rose-candy, we have spikenard,
Mastic and terebinth and oil and spice,
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And such sweet jams meticulously jarred
As God's own Prophet eats in Paradise.

And we have manuscripts in peacock styles
By Ali of Damascus; we have swords
Engraved with storks and apes and crocodiles,
And heavy beaten necklaces, for Lords.

James Elroy Flecker
The Golden Journey to Samarkahd

Trading networks

One of the Common Era’s first consequential cultsiéts was a sharp expansion in

long distance trade and communication betweenatedgricultural civilisations then
containing a majority of Eurasia’s (and hencewioeld’s) people, i.e. the Roman,
Parthian (Persian), Kushan and Han empires. Mor&nparticularly of luxury goods,
increased over both land and sea routes betweearghs/est Eurasia. On land, the most
famous of these trade routes was the Silk Roadhagptit to skirt north and south of the
hostile Tibetan Plateau. And at sea, ever-biggéngaressels plied the coastal waters of
South and East Asia, venturing in time into thedndand Pacific oceans. The regular
seasonality of the north-south Monsoon winds wasadiered some hundred years before
the Common Era. Sailing vessels powered by wirgdgnwould eventually supplant the
technology of the pack animal (camels and dromedgrand in the process change
power relationships (Who controls trade?) betwearitime and non-maritime states.

The linking of Eurasia’s largest cities in a lonigtdnce trading network brought material
benefits primarily to consumers of high-value loalame goods, i.e. to ruling groups.
Trade is a technology which allows transport ctstse balanced against the benefits of
regional specialisation and the savings which cérora producing a product on a large
scale. But that is only part of the story. Citieshe trading network became places
where populations could and did grow, consolidaéirigend towards urbanisation which
continues to this day. Also, while trade providled impetus, trade routes were
increasingly conduits for the spread of learnieghhology recipes, religions, art, genes
and disease. Thus, an early consequence of siiglfive towards a globalisation, a
single world-system of commerce was epidemiologitsdster as the separate disease
pools of each empire (Plague, smallpox, measl@ilss) mingled together. For
example, drastic depopulation from disease in gdrtise Roman Empire contributed to
its disintegration. By the time the Western Rorampire fell (476 CE), Buddhist
missionaries, originally from north India, had aldy spread their influence as far as
Japan and Java. Christianity too had spread, WghiRoman Empire, through Europe and
into Asia Minor where, in later centuries, Anatolvauld become a shifting frontier
between Islamic forces and Christian forces ofBjizantine or Eastern Roman empire.
And, in India, Brahmanism and Hinduism were nurdurethe bosom of the Gupta
Empire.

105 Flecker, J.E., 1913|1926, The Collected Poems of James Elroy Flecker, Secker, London
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CHAPTER 5 CONFRONTING GLOBAL OVERSHOOT

The warm glow of understanding
Wonder is not admiration
Some ineluctable realities
Three ways of reacting to an overshoot scenario
Don’t panic
Two ways of being tender-minded
Stop fiddling
Rise like a phoenix
Discussion
A broader context

THE WARM GLOW OF UNDERSTANDING

The unbroken history of the human lineage can dett
back to the origins of the universe but more rdgent
meaning the last few million years, we have becand,
remained, animals called mammals, then primatesilaen a
branch of the great ape family. Primates evoleeld/e in
groups in territories from which they attemptecizlude
trespassers, a behavioural tendency which persastéue
first humans evolved into modern humans and spaeeuss
much of the planet. During the last Ice AgeHasno
sapiensrate of biological evolution (e.g. increasing iora
size) slowed down, its rate of cultural evolutieng( tool-
making skills) speeded up. That is, humans begansiate
and use an expanding and selectively changing raihge
behavioural ‘recipes’ (what | have adventurousiNech
technologies) which through learning and imitatathin
and between groups, could remain available froneggion
to generation. By making the further assumptiat groups
and individuals are purposive agents (i.e. consdio
behave in an emotionally acceptable and rationg) waen
choosing between technologies, one can, in hintisiggh in
principle, construct a plausible story (a scenavid)ow the
species has survived, multiplied and thrived (dj smce,
say, cultural ‘liftoff.” The fact that technologiésve become
more elaborate and collectively more energy-intensver
time does not change the basic process; nor dedad¢hthat
the rate of cultural change has varied over time.

Before contemplating the future and its difficutiet us bask a moment in the warm
glow of understanding that a knowledge of histoigterweavings confers. The cameo
recapitulation above is a confident assertion thaject to accepting several
methodological premises (groups as purposive agém@species’ capacity for
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technological innovation), and assuming a sufficieaf raw historical fact$>® an
abductively plausible world history should be pbksii.e. a history which is consistent
with the facts. To make this happen, one has t@nly assume that individuals are
rational, albeit subject to emotional taboos, bat they have a fairly standard mix of
motivations!” for material gain, access to womenpower, acceptance, self-
preservation... Virtual species too have to besustdod by assuming them to be
selecting behaviours (what Graeme Snooks callsrdimstrategie¥®) which are
variants on a few generic social technologies sisctrade, conquest, colonisation...

In the event, every history, from world to local limited by factual gaps and a
necessarily imperfect understanding of protagomséntal models. There is also the
inescapable limitation that the historian has mal fa way of simplifying the warp and
weft of the historical tapestry, its many para#lad cross threads, so that it can be
presented as a linear narrative of a size thabeaabsorbed. Thus, the perspective of the
present exercise is that history can be viewedsageession of fundamentally important
turning points or discontinuities. These are dusbf events which start wherever and
which trigger (cause) extended chains of eventengbing and spreading adjustments,
many of which will themselves be ‘minor’ discontities'° The challenge in applying
this approach is to identify a manageable numbenaybr discontinuities such that one
can yet say something of where each came from dedent led. The complexity of
history comes with the interweaving of multiple cades of adjustments to multiple
diachronic discontinuities-!

The present exercise centres on a macrohistoryhwdulminates in the beginnings of a
major discontinuity. It purports to explain hovethuman lineage went from being a
small population of well-adapted tree-dwellers ifni¢a to being an erupting worldwide
population relying on fossil-fuels and an ever-elabng suite of material, social,
communicative and cognitive technologies for megtinople’s material etc. needs,
albeit with starkly varying degrees of success. aWher that success, it is hard not to
feel a sense of wonder (fancy that!) at how thes@less apes’ have created, survived,
exploited, absorbed, magnified and built on hiswenvironmental, biological and
cultural discontinuities. Think of ice ages, thab@ eruption, language, cultural liftoff,

106 ‘By facts we usually just mean “data,” that is, everything we count as not part of the
particular problem before us, but as what is safe enough to be taken for granted in solving it,
and needed to do so. But facts are never confined to the raw data of sense, and seldom to
“physical facts” (the kind that can be stated in terms of physics). It is a fact that this is food
or poison, that it is dangerous, dirty, unique, or legal, that it is an ancient totem pole or the
flag of my country. Yet standards quite alien to physics must be grasped before we can “see”
these facts. They are thus never logically isolated from some kind of “evaluating.” From
Midgley, M., 1978, Beast and Man, Cornell University Press, Ithaca, p.178

107 Midgley, M., 1978, 1bid., p 14 suggests that ‘we badly need new and more suitable
concepts for describing motivation.’

108 Gottschall, J., 2008, The Rape of Troy: Evolution, Violence, and the World of Homer,
Cambridge University Press, Cambridge

109 Snooks, G.D.,1998, The Laws of History, Routledge, London and New York

110 Minor discontinuities in macrohistory become the major discontinuities of microhistories.
11 Salthe, S.N., 2010, Maximum Power and Maximum Entropy Production: Finalities in
Nature, Cosmos and History, 6 (1), pp.114-121
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the Holocene climate-shift, agriculture, citiesjtimg, consciousness, sail, plague,
printing, industrialisation... The list goes on.

Wonder is not admiration

Having said that, wonder is not necessarily admoinat People tend to admire (approve
of) contemporaries with talents and characterdihieéy would like for themselves, talents
and traits which are believed to enhance qualityigal prospects in today’s world. By
imitating parental behaviour, children learn wiaatimire and what to disapprove of.
Furthermore, discretionary behaviours which aresistently admired (or denigrated)
acquire amoral charactewhich goes beyond approval-disapproval, i.e. namfamnity
incurs physical or psychological (e.g. shame) gunint.

To the extent that people admire-denigrate otlierfdrms, and that includes their own
ancestors, it comes from projecting contemporamdruqualities onto such, e.g. the tree
that, metaphorically, ‘strives’ to reach the sk tfaithful’ dog. Similarly we are

tempted to admire and denigrate, and to pass muaigéments on what appear to be
contemporary traits in our ancestors. But anckls&laaviours which we judge to be
cruel, honest, honourable, cooperative, combagixploitative, and so on, may not have
existed in the sense that, at that time,creceptsf cruel, honest etc. may have not yet
emerged. After all, cruelty (say) is an idea whhield to be invented and given a name.
Or, they may have existed but not had any moraiacher’*?

So, we can say that the cruel conduct of, sayBtbaze-Age Assyrians was immoral by
contemporary standards, but does anything usefaifdrom that observation? 1t is,
potentially, more useful to ask if the Assyriansdman adaptive mistake by choosing to
be cruel. Did they even perceive that they haldaace, consciously or unconsciously?
Would they have achieved more of what they val@iggely had chosen not to use the
social technology of cruelty to produce conformibedaviour? Certainly their victims
would have been better off. But, would the quabdityife and survival prospects of
today's humans be better if the Assyrians had famegcruelty? These are unanswerable
questions. If we are to reserve admiration focr@iSonary behaviours we judge to have
improved the achievement of, and prospects forjtgugurvival, then much of history
will be beyond that judgement.

In the event, scholars have found it more prodedivstudy the history of values, i.e.
how people in the past have thought about val\téisat did historical peoples value in
terms of ends and means, of behavioural standaAsiswers here have contributed, first,
to understanding how it really was to live in, stayes of global transformation and,
second, to understanding the diversity of peoplalses, not only in the past but, by
extension, in the present, e.g. today’s fundamishi@hristians appear to exhibit a
religiosity comparable to much of medieval Eurdpe.

112 Williams, B., 2006, Philosophy as a Humanistic Discipline, (A.W. Moore Ed.) Princeton
UP, Princeton, Ch.8

113 Muller, H.J., 1952, The Uses of the Past: Profiles of Former Societies, Mentor, New York,
pp.244-50
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Some ineluctable realities

Contemplation of the macrohistorical record yieddseral foundational conclusions
about humans and the world they now face which aiaba forgotten if we are to think
realistically about the quality survival task; rik¢he suggestion in the Preface that a
suitable peak goal for humanity might well be ohseeing its lineage surviving, and
surviving well. The three realities to be now @baated as impediments to achieving
quality survival are: the what-to-do problem; theual-species problem; and the global
overshoot problem.

1. Purposive behaviour is necessarily experimentiad what-to-do problem

Cultural and genetic evolution over millions of ygaas produced, in the modern human,
a layered behavioural-guidance-system under whliepending on the information being
received, activates particular biological, cogratar emotional responses. Thus an
immediate direct threat might trigger a geneticpllggrammednstinctiveresponse of
greater or lesser specificity. A more nuanced vibato situation might trigger an
emotionally-directed response in the form of anuisjye choice from a limited range of
previously-learned behaviours. And then, latdhmevolutionary story, came the
choosing brain, as we earlier called it. Here,lttan imagines the consequences of
alternatives to impulsive behaviour and chooseditsieimagined alternative to generate
sufficiently positive feelings. That is, feelingst to limit the enormous range of
alternatives that would otherwise have to be exglaognitively before a behavioural
choice is made.

Language-based conceptual thinking was the tecggailtich dramatically increased

the range and effectiveness of cognition for ggdmehaviour. In reasonably stable
environments humans learn to behave in accordanbelve slowly-evolving customs,
habits, roles and traditions of their own societiBsit in non-routine, and hence stressful,
situations, leaders, and other decision-makers bane to increasingly rely on mental
models of reality to guide their choice of whattm And in some areas, most notably in
science, people have learned how to upgrade sudelsim the light of experience.

Having said that, it needs to be recognised thatt@mpts to make rational decisions
(those based on ends-means thinking) in what-tsidations are less than ideal for
reasons which include limited time, limited knowded pervasive complexity,
illogicalities and misperceptions. Given the diffities of thinking critically and
comprehensively, decision-makers commonly resaustog ‘short cut’ heuristics or
seeking the advice of authority figures.

What the above means is that all behaviour, whetiséinctive, emotionally-directed or
highly rational is, to some degree, experimenthk dutcomes of an individual's
decisions, particularly in novel situations, argarecertain---hence the ‘law’ of
unintended consequences. So, when trying to soWleat-to-do problem rationally, one
must be routinely prepared to respond further @&ssoactions prove inadequate for the
problem as initially conceived. Unfortunately, mgamhat-to-do problems are also
‘wicked,” an eye-catching word meaning that theyehao definitive formulation (What
sort of problem is this?) and no criteria for idmhg a conclusively ‘best’ solution. For
example, over what time horizon does one compaedkts and benefits of alternative
actions? Moreover, the family of issues that uleleeach problem is itself likely to be
evolving. Itis easy to conclude that most protdemil never be solved, only managed
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by cautiously ‘muddling through,’” or overtaken bseats. Notwithstanding, these
difficulties are poorly recognised.

2. There is no We---the virtual-species problem

From early hunter-gatherer times, human groups hagd the technologies of division
of labour and territory-protection for improvingeih security and productivity. It was
through the evolution and elaboration of theserietdyies---plus their coevolution with
some related adaptations and with environmentaigés--that the species came to be
organised into a loosely connected and dynamia{elvanging) network of
hierarchically-stratified, territorially-based setes.

Unlike better-armed group-living species such al/@sy Paleolithic humans were never
strongly selected for a capacity to self-inhibigsessive behaviour towards trespassers of
their own species. This is consistent with thegption that before developing energy-
concentrating weapons---and then it was too ldtarman groups had little capacity to
inflict lethal violence on each other. Thus, tmérained fighting style of (modern)
humans consists largely of shoving and overhang$to the bony
head/shoulders/ribcage area. While few individuals are highly aggressive, most
conform when their group or society initiates aggree behaviour; ordinary soldiers can
be trained to kill when ordered, but most are stillictant. In brief, humans tend to be
aggressive towards strangers but, without weapoedsppropriate training, rather
ineffectively so.

In those Holocene societies that learned to produgalus storable food, both population
size and task specialisation increased; as didgbheof social dominance (e.g. by
coercion, manipulation, deceit) far beyond thatahitiad existed in subsistence societies.
And it is from these times that it becomes incneglyi useful to describe humanity as
being organised into virtual species, meaning cattagroups that engage in periodic
competition, conflict and cooperation. In the litest terms, these groups were, and still
are, political states and, within each state, mgutlass and a working class. Beyond that
breakdown, the hierarchy of virtual species extarmgards to associations of states and
downwards to factions and functional groups wittlasses. In complex hierarchical
societies, each individual is normally associatéth wiultiple virtual species and may
move between such, e.g. between social classescglgbarties, professions, football
clubs. In particular, ruling elites are almost af& divided into vigorously-competing
virtual species with shifting memberships.

Every virtual species behaves, in several respiatsa separate hunter-gatherer group.
In particular, group members are predisposed tdfieadly towards those within and
enmity towards those outside the group (not jestdassers). And from Paleolithic to
modern times, the sharing of amity and enmity eomstihas repeatedly been at the heart
of the individual’'s success in satisfying his or psychic needs, notably for bonding (the
need to ‘belond™), for identity (being an autonomous individualpaor meaning in

114 Morris, D., 1977|2002, Peoplewatching, Vintage, London
115 Hassan, F., 2005, The Lie of History: States and the Contradictions of Complex Societies,
Dahlem Workshop Reports, MIT Press. Mass.

116 Koestler, A., 1967, The Ghost in the Machine, Arkana, London
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one’s life (being part of ‘something larger thareself’). For example: | am a Greek and
proud to be a Greek, not a thieving Trojan. Wee&sewill conquer the Trojans, no
matter how long it takes.

This amity-enmity dichotomy is also the sourcehsf tlual standard of morality which
most people unconsciously hold, namely judgingisgiers’ differently (moral alchemy!)
from one’s own ‘tribe’, be it a gang, class, ethgioup, nation or football club. In
extreme form it leads to a failure to recogniseeothrtual species as conspecifics, as
fellow humans; abominations such as ethnic clegnsmass extermination and
unimaginable cruelty follow easily. Somewhat lsemoderately, other virtual species
are seen as humans but, because of their ‘dangéeliess or their presumed past
behaviour, they are humans who have ‘foregoneigfit’ to be treated as ‘we’ aspire to
treat our own.

Armed conflict between groups or societies is amomplace of history’ but

aggression, or hostility at least, between virggaciesvithin hierarchical societies has
been equally pervasive. Thus, the majority of hosrtaave been oppressed by their own
ruling classes for most of post-glacial history.sdciety of any complexity requires that
some of its members coordinate and direct theiieswf the majority. With few
exceptions, these elite minorities have used fheeier to advance and protect their own
interests at the expense of majorities. Refornascamcessions which have improved
quality of life for the majority have most commordgme only in response to the threat
of civil unrest from the ‘dangerous classes.” Dgrquieter times the elites seek to
reclaim such concessions. The prime example ofenmotiimes is the creation of welfare
states after the Second World War as a resporfasd¢ism and communism; and their
winding back with the demise of communishy.

From Neolithic times, elites (soldiers, prieststdaucrats, politicians etc.) have regularly
taken their peoples to war in search of resourogsted by the elites themselves---land,
slaves, women, converts, bullion, tribute etc. Mthtstanding this coercion, a state’s
elites and its masses generally come togethentpdearily form one virtual species in
times of war or external threat..

Burdened with rising populations or falling foodpglies, elites have often been willing
to let their people slowly and surreptitiously stafLet them eat cake); or, indeed, to use
war and conquest as technologies for culling tbein populations. The link between
hunger and attacking the neighbours weakened tiltoming of hierarchical societies.
It is only in the last few thousand years, startiith limited democracy in the Greek city
states, that humans have moved somewhat from ssedigfies as naturally divided into
all-powerful rulers and masses with minimal righks.some modern industrial nation-
states, elites have managed to convince the magrardinary people that their political
decisions do not favour elite interests. But, ewea strong democracy, every new issue
of concern spawns a new mix of self-interestediairspecies and a what-to-do problem
that cannot be solved in a demonstrably efficient equitable manner.

Nonetheless, in societies where people are notrigutignk they are being treated
reasonably fairly (justly) and feel reasonably seqsychologically, amity and sociality

117 Le Blanc, S., with Register, K., 2003, 1bid.
118 Wallerstein, 1., 1995, After Liberalism, The New Press, New York
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come to displace enmity and sociopathy (regardthgre as enemies to be mistrusted
and exploited if possible). People develop an etgi®n that their interests will be
favoured acceptably often. Decisions get madecanddinated activity proceeds; people
do what is expected of them. So-called competdn@eties, those where egoism is
admired (Greed is good!), run the risk of squandgthose putative reserves of goodwill
and helpful friendliness which might buffer agaisstial unrest.

This brings us to the point of accepting that ther@virtual-species problermamely the
difficulty that autonomous virtual species haveatlectively agreeing (We agree...) to
work in a coordinated way towards ends judged tmbaually beneficial, ends which
could not be achieved by one group acting alorfee-amplification effect.

Often, it is the virtual-species problem which b@es the major impediment to the
inventing of a new social technology. It may beofirse that not every relevant virtual
species construes the proposed behaviour as bah#fithem or they see it as less
beneficial than some other more-independent behayits opportunity cost). Or doubts
may be felt as to what exactly is being agreedveimat exactly will be achieved. This
last is where the virtual-species problem and thatwo-do problem intersect. As
discussed above, outcomes of proposals for addgegsiat-to-do problems are always
uncertain and carry the risk of unintended conseces It is understandable that groups
already living on the edge of survival might beraeeto risking experiments with novel
behaviours, no matter how promising, and prefeoiatinue with ‘safe’ traditional
behaviours.

The virtual-species problem is more conventionlaigpwn among political scientists as
agonisma term borrowed from biologists. For biologistgpaism is that combination of
aggressive, defensive and avoiding behaviours wdidiolw members of a species to
regulate its spatial distribution; and, probablycess to food and mates. Amongst
political scientists, agonists are sceptical altlhatcapacity of politics to eliminate,
overcome or circumvent deep divisions within saegete.g. of class, culture, gender etc.
They find many models of political behaviour, ingilng liberalism and
communitarianism, to be far too optimistic abowt gossibility of finding an harmonious
and peaceful pattern of political and social coafien*® Agonists prefer to start their
theorising by asking how societies might first dedh such irreducible differences. Itis
a question to which we shall return.

In most circumstances, it is much harder to achibeebenefits of coordination when the
virtual species involved are large collectives sasmation-states. Compared with
domestic agreements, there are several reasonthigtshould be so. First of all, trust is
scarce in international relations where, for caagyrrealist’ doctrines have prevailed,
namely, that the essence of foreign policy is t&kengourself as militarily powerful as
possible, alone or through alliandé%.Cooperation becomes even more difficult
between nations that are already in conflict orehawistory of conflict. Negotiators

from different countries are more likely than negtars from the same country to

119http3//en.wikipedia.01(';{/wiki/A,qonism (Accessed 27 Nov 2008)
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misunderstand each other’s values and to disagpea# dacts’ and about what is a fair
distribution of costs and benefits.

Notwithstanding, states have been forming mili@iances and making trade
agreements for millennia. It is in situations w#re shared threat or opportunity is not
immediately obvious, or where the flow of benei#siot immediate, that international
cooperation proceeds slowly. Examples are pldntifthe fields of international law,
financial institutions and protection of the envinoent.

To claim ‘There is no We’ is just an extravagantwé making the point that it is
normally difficult, and often impossible, for twa more virtual species to find and take
coordinated actions that will benefit all. Partledt difficulty is the same difficulty as
that facing a single virtual species, or an indiabifor that matter, in any what-to-do
situation---all intentional behaviour is inescapadkperimental. This is why virtual
species that see themselves in an ongoing coogeratationship must be prepared to
revise their joint plans frequently. Even thereewhen a degree of trust has been
achieved, all such relationships are probably teesignised as intrinsically fragile.

Cooperation within the existing system of virtupésies is but one strategy for a virtual
species to advance its own interests. Conflict@®cion are other possibilities which,

in their own ways, are as problematic as cooperatiBometimes there is a place for
competition in the sense of different virtual spscseeking access to the same resources
but without trying to thwart each other’s efforisedtly. Another less direct strategy, one
which does not take the prevailing order for grdnteight be to try to reshape the
attitudes of ‘neighbouring’ virtual species so ttia level of goodwill between virtual
species is more conducive to future cooperatian,tbrough cultural exchanges, gifts,
arms reduction...

Overall, the ineluctable realities we have ideatfas the what-to-do problem and the
virtual-species problem are major constraints oatvwlumans can achieve through
collective action. They greatly reduce the ranfgeptions from which a choice of (joint)
actions might eventually be made.

3. Overshoot---the accumulation of spillovers

We come now to recapitulating the third of the unghble realities which, it is being
suggested, must be viewed unblinkingly, not forgothr bypassed, if one is to think
critically about the quality survival task as iepents at the beginning of the 21st century
of the Common Era (and that is what we hope to do).

In my earlier bookDeep Futureg?' the 2£' century was foreseen to be a difficult
century for humanity, one in which the successtubkpit of quality survival would

require the species to work doggedly to ameliottageproblems of war, poverty,

injustice, environmental degradation and sociogatihyymore positively, pursue the goals
of peace, material wellbeing, social justice, emwmental protection and sociality. The
virtual-species problem (pervasive disagreemens) assumed to be soluble (e.g. through

121 Cocks, D., 2003, Deep Futures: Our Prospects for Survival, University of New South

Wales Press and McGill University Press
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a strong United Nations) and, while the presenpiraplems were great, they too were
not to be treated as insoluble.

I am now convinced, just a few years later, thet slsenario, call istrong interventionis
highly implausible. That is, one would be surpdigethe extreme if it came to pass. For
me, it is a much more plausible scenario thatuhiisbe not just a difficult century, but a
disastrous one! Almost irrespective of anythingt large numbers of well-intentioned
people might do, the existing problems of war, poyenjustice, inequity, environmental
degradation and sociopathy will grow, not shritkader the combined effects of
drought, famine, war, mass migration, poverty, aése resource exhaustion and
economic disruption, the world’s population wiladgtfalling well before current
estimates that global population will peak ‘natlyedaround 2070. Many indicators of
quality of life, including life expectancy, willsinp. In all countries, but especially in an
increasing number of failed and war-torn stafés, will become much harder for most
people to meet their everyday needs. Women ardrehj the old and the sick will be
most affected. Jobs will be few. Supply chainsbfasic commodities (e.g. food, fuel,
medicines) will break. Barter will become norméiflation will escalate. Health,
education, transport and police services will ddgraPower and water supplies will
become unreliable or worse. Roads and other inéretsire will be poorly maintained.
Crime and group violence will escalate. Violenttpst and looting will be
commonplace. Ordinary people will live in fear.eMal illness will be endemic. People
will turn to authoritarian regimes for respite.dnef, cities everywhere will struggle to
avoid becoming giant lawless slums. Rural popaoihetiwill be vulnerable to marauders
and incursions from displaced persons. Life wélldn exhausting wretched struggle.

Such a dark-age ‘future’ has already arrived irigaf the world---most obviously in
parts of east and west Africa, the Middle East &adth America. But it is also
appearing in parts of large cities in first wortltbatries, e.g. France, Britain, USA. The
further questions surrounding this basic scendreworld descending into Hobbesian
dystopia, a shambles, are How far and How fast®d wmat makes it plausible?

But how far? How fast?

If quality of life is going to degrade globally, @might expect it to degrade more slowly
in first world countries with their establishedtitiions and the technological skills to
divert resources being used for discretionary pseponto essential services. On the
other hand, first world societies have directed/\arge, and now problematic, energy
flows into the construction and ongoing maintenasfoeetworks of relationships
between virtual species. Resources such as lamolucapital have been progressively
locked into specialised functions (tasks) on wiatter functions are highly dependent,
so-called long-chain dependency. This means thia¢ imaterial-energy-information
flows along a link gets disrupted, and there areardingency plans for restoring that
link’s function (as in a competitive just-in-timea@omic system), the disruption spreads
to other links. Just how far such malfunctionipgesds depends on the architecture of
the network, its patterns of connections betweatesof activity. In general, as
networks of functions become ever more tightly ecated, they move towards
transmitting shocks rather than absorbing themth&y become unstable. If a highly-

122 Stewart, P., 2007, ‘Failed' States and Global Security: Empirical Questions and Policy
Dilemmas, International Studies Review ,9, pp.644—662
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connected node, a ‘hub’, a power grid for examigl&nocked out abruptly, whole
populations stand to suffer dramatic falls in tlepiality of life. If the same power grid
degrades slowly, people may have time to adaptfaanpacts will be less dramatic;
but still ultimately destructive of people’s opteonThe 2008 global credit crisis, and its
subsequent transmission to the real economies Oy @uUNtries, is a text book example
of how disruptions can spread in a highly conne{gubalised) system. Russia’s
descent into chaos in the winter of 1991-92 didspoead globally but did illustrate how
an organised, albeit repressive, society can hieak in just month$?®

In the world’s rich countries, where most peopleéha high standard of living compared
with second and third world (less developed) caestmpeople rely largely on markets,
including the employment and stock markets, foisgang their daily needs; and they
rely on government to provide personal and propszturity. When markets and
governments fail to meet normal expectations, nbt does quality of life drop for most
people, but they do not have coping and survivallhrarisms and skills for meeting their
needs in more basic ways, e.g. using more laboupler technologies and less capital
and energy to grow food. More than that, theiiedtes are not organised to facilitate
extra-market adaptations (e.g. providing vegetplis in cities) or, indeed, to switch to
providing goods and services appropriate to chafitgstyles, e.g. wind-up radios, more
public transport.

By contrast, people are more self-sufficient, ldsgendent on markets, in poorer
countries. The exception to this is that the unbaor in such societies are particularly
vulnerable to rising food prices. Poor peopleredi invariably contain more hardship
and physical labour, more disease and early deadle hunger and violence; but the
collapse of markets around them does not cause tinéumdamentally restructure their
lives, not if their only purchases are, say, coglaii, salt and matches. Having said that,
the current global recession-depression is alréadyng poor countries in several ways,
including falling capital inflows (including aidjalling commaodity prices and job losses
in both export industries and in numbers of ovesspeest workers:*

The happenings which do have relatively greateiaichpn the poor than on the rich are
natural disasters, epidemics and organised violeMdeen they are spared such shocks,
subsistence farmers, gardeners, fishers and heraenssually keep their societies intact,
as evidenced by, for example, the maintenance lmfhaustoms and rituals. It is when
such imposts turn people into refugees and displpeesons, or, indeed into marauders
and pirates, that their quality of life plungesoréed migration, including the return of
desperate slum-dwellers to their villages, is dgddald. Not only are the migrants
traumatised, but the areas they descend on becwtamily overpopulated, with all the
possibilities which this creates for conflict beememigrant and resident virtual species.
As evidenced by the late Bronze Age, such ‘knocldastontinuities can spread over
thousands of kilometres.

123 Ferguson, N, 2010, Complexity and Collapse: Empires on the Edge of Chaos, Foreign
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But none of the above constitutes evidence thaif asw, dystopic bottleneck conditions
are festering and spreading across more of thedwamldeed, two important direct
indicators of average (species-wide) quality a,liffe expectancy at birth and under-five
infant mortality, continue to improve, even as glbpopulation is rising by some 70
million per year. Nonetheless, while life expectaat age 15 has increased by two to
three years for most regions over the last 20 ydlaese are exceptions. Life expectancy
in Africa decreased by nearly seven years betw880 and 2001, and for the transition
countries of Eastern Europe, in the same period, Dyears for males and 1.6 years for
females. On the other hand, the global child ntityteate declined by almost one quarter
between 1990 and 2006, partly as a result of cagnpaigainst measles, malaria and
bottle-feeding, and partly from improvements in do®nomies of most of the world
outside Africa. Gross World Income per head, wluatrelates strongly with health
status, increased by 47 per cent between 2000@0W ZPrior to the 2006 food crisis,
living standards in the developing world had baemg dramatically for some decades..
The proportion of its population living in extreraeonomic poverty---defined as living
on less than $1.25 per day (at adjusted 2005 priekedl from 52 percent in 1981 to 26
percent in 2005%

While such global trends conceal marked differersg®/een regions, and the quality of
the underlying data is questionable anyhow, theypama facieevidence that, world-
wide, quality of life is probably still rising. EhUN Human Development Index for the
world, which is a crude amalgam of indices for imeg literacy and life expectancy, has
risen monotonically over its 20 year histdf§. Having said that, and recognising that
falling child mortality is a major contributor tesing life expectancy, one suspects (there
is no direct data) that the species-wide figureygars of healthy life expectancy at age
15 might be stagnant or declining. The word ‘hedltigre means ‘without disabilities
that constrain core activities.’

But, consider the debit side of the quality-of-liéelger:

Between the start of 2006 and 2008, the averagklydce for rice rose by 217 per cent,
wheat by 136 per cent, maize by 125 per cent ayloesms by 107 per cetft. Suffering
amongst those who spend the bulk of their incombasic food has been immense and
food riots have occurred in dozens of the worldties. Concurrently, these soaring
grain priceshave forced a sharp reduction in food aid, puttireg37 countries that
depend on the World Food Program for emergency &ssistance at risk of social
breakdown. The UN Food and Agriculture Organisadi¢FAQ) provisional estimates
are that, in 2007, 75 million more people were adaethe total number of
undernourished relative to 2003-88. This represents an increase in the proportion of
hungry people in the world from 16 per cent to &7 gent. It is true that over the past

125 http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/ERDVERTY/EXTPA/OQ,,
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(Accessed 22 Dec 2008).
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half-century grain prices have spiked from timéinee because of weather-related events
(e.g.the 1972 Soviet crop failure) but the situatioday is entirely differedt® New and
established trends are coming together which magk®bable that real food prices will
keep rising in coming decades, and keep risingfdkain real incomes.

Demand for grain will continue to increase as altesf population growth and, less
probably, as a result of the diversion of grainpsrto ethanol production and meat
production. On the supply side there is little r@apland coming on stream to balance
ongoing losses to urban land uses and land degyadht this century, irrigated
agricultural land per capita has been falling bg per cent per annum. This will
accelerate if Eurasia’s glaciers continue to m€limate change, as currently foreseen,
may allow cropping to expand in Canada and Russgi#hiis stands to be offset by crop-
area contractions in the ‘breadbasket’ countrieh®ifSouthern Hemisphere. A trend that
may not be permanent but is worth noting is thatrgconsumption has exceeded
production in seven of the last eight years; thedi® stock of carried-over grain (2008)
has fallen to 55 days of world consumption, thedsirnon record. The world’s grain
markets are only one poor harvest away from panic.

Between 1950 and 1990, energy-dependent technesl{fgrtilisers and machinery) and
new plant varieties allowed the world's farmergtyeasegrainland productivityby 2.1
percent a year, but between 1990 and 2007 thistgnate slowed to 1.2 percent a year.
Technological advances, encouraged by higher grages but discouraged by higher
oil-energy prices, could reverse this slowdown.wideer, there are no obvious
candidates for this role at the moment.

In 2009, with the economic crisis impacting mostisties, the Global Peace Index, as
calculated by the Institute for Economics and Péddeas actually slipped. However,
contrary to popular belief, the world in the lagenty years has become more peaceful.
The frequency and lethality of wars has been dmxgigince the end of the Cold War in
1989. Since 1990 more wars have ceased than teatedsand the number of negotiated
settlements has steadily increased.

Notwithstanding, according to one souté&there were 31 significant military conflicts
in the world in 2008 compared with 25 in 1998. Apgeom the direct suffering caused
by civil and international conflicts, these, alomigh hunger, are a major causefoifced
migration a further indicator of declining quality of lifeOne partial measure here is the
number of people under the care of the UN High Casioner for Refugees (UNHCR),
including both internally displaced people andrinétional refugees. In 2007 this
number rose by 2.5 million to 25 millidi? Refugee numbers dropped dramatically
when people returned home after the Balkans caéstit1992-1995, but have been
rising again since then.
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Environmental degradation in the forms of drouglesertification, erosion, deforestation
and, most recently, sea level rise, has becomeaedsingly important source of the
hunger that triggers migration. One might guess tifie proportion of the world’s people
experiencing a reduction in quality of life as aul of being forced to relocate is
continuing to rise but data to support that hypsithés not available. While they are
suppositional and not factual, scenarios have beagined which foresee a massive
increase in the number of environmental refugee®ming decades. For example, one
of Gwynne Dyer’s climate change scenafidkas Italy being overwhelmed by
environmental refugees from a blighted North Afriiga2036.

Living in a society where civil and political rightire poorly established and protected is
a pervasive obstacle to the achievement of highitgud life. Between 2004 and 2007,
some 43 countries, or more than 20 percent of trdviotal, saw their scores for
freedom-of-association decline---according to takewations of Freedom House, a
somewhat-conservative non-government organisatfoivhile the number opeople in
prisonworldwide is a relatively small nine million, thate per 100 000 people jumped
from 117 in 1992 to 154 in 2002° In quality-of-life terms, these figures are mbkely

to be indicative of declining social cohesion tlaaything else. Authoritarianism does
seem to be on the rise again following the post«daemission.

Mental and behavioural disorders affect more tHap& cent of all people at some time
during their lives. They are present at any timahbout 10 per cent of the adult
population. They are also universal, affectingglef all countries and societies,
individuals of all ages, women and men, the ricth tre poor, from urban and rural
environments. They have insidious economic impactscrippling impacts on the
quality of life of sufferers and their families. @World Health Organisation estimated
that, in 1990, mental and neurological disordersstituted 10 per cent of totdisability
adjusted life year¢DALYS) lost due to all diseases and injuries.sTitase to 12 per cent
in 2000 and was projected to further rise to 15qeet by 2020, partly due to a decline in
the incidence of childhood infectious diseas8sCommon disorders causing severe
disability include depressive disorders, substaatngse disorders and schizophrenia.

Data is not available for judging whether a glotiizen’s lifetime risk of developing a
mental disorder is increasing or decreasing; someéigposing factors are declining (e.qg.
incidence of poverty) and others are increasirg,the per capita use of psychoactive
substances, including opioids, stimulants, tobaswbalcohol. Suicide rates would seem
to be a good partial indicator of mental illnesd agiobally, from 1950 to 1995, suicide
rates increased by approximately 35 per cent in amehapproximately 10 per cent in
women in all age groupd’ The reasons for the differences in rates amoifigreint age,
sex, and ethnic groups, as well as the changdean since 1950 are not known. A
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pointer from one study is that, across 27 natiattghol consumption predicts suicide

rates!>®

Over the last three decades, longstanding commhleicliseases such as tuberculosis,
malaria, and cholera have spread geographicallyrare than thirty previously
unrecognized communicable diseases, such as HtidMaHantavirus and SARS, have
emerged as new threats to quality of fit&.The slow-moving HIV/AIDS pandemic has
already killed more than 20 million people and sivkd between 34 million and 46
million; it is on the way to becoming the worst damic in history. A wide range of
disease—producing microbes are becoming incregsiagistant to antimicrobial drugs,
e.g. drugs for malaria, tuberculosis, pneumonia.

Given such predisposing conditions as globalisagmpulation growth and urbanisation,
it can be argued that, for the fourth time in higtdhumanity is encountering a ‘great
wave’ of epidemic diseas&’ The first of these came with the domesticatiowitd

animals (10 kya) and the second with the linkingcast and West Eurasia by trade routes
(2500 kya). The third ‘great wave’ began during éna of transoceanic exploration and
trade expansion in the fourteenth and fifteenthuwess, when Bubonic Plague arrived in
Europe from Asia, and European explorers and sethi®ught smallpox, measles,
influenza, and other diseases to indigenous papuokacross the Americas and
Australia.

The last decade has witnessed a decline in the sidine world’s working-age

population (aged 15 years and older) that is inleympent (known as the employment-
to-population ratio). It stood at 61.4 per cen2@06, 1.2 percentage points lower than ten
years earliet*

At the time of writing, many of the world’s majoc@nomies are contracting, i.e. they are
producing goods and services at a lower rate thame recent past. For very large
numbers of people, this world-widecession-depressias having a direct impact on
their quality of life and, also, on their expeabats or hopes for an improving quality of
life. Not only does unemployment rise as econorogggract, but government revenues
(e.g. from taxes) fall, making the provision of gowment services (e.g. schools,
hospitals, police forces) more problematic.

There are other whole-of-world statistics whichlddoe included here as partial
indicators of how quality of life has been changimghe last decade or so for the average
global citizen (e.g. air quality data, work-houeda data on the psychological impact of
species extinctions and ecosystem destruction) onuthe basis of the grossly imperfect
indicators presented, are there tentative conaiggdio be drawn?

138 Lester, D., 2001, Association of Alcohol Use and Suicide in 27 Nations of the World,

Psychological Reports, 88 (3), p.1129

139 Worldwatch Institute, 2005, State of the World 2005,
http://www.worldwatch.org/mode/1044 (Accessed 22 Dec 2010)

140 Worldwatch Institute, 2005, 1bid.

141 International Labour Organisation, 2008, Global Employment Trends 2008,
http://www.ilo.org/global/publications/WCMS 090106/lang--en/index.htm (Accessed 22 Dec
2010)




95

Yes. With the exceptions of clear improvementhilccmortality rates, and a possible
ongoing improvement in healthy-life expectancyddults, the selected indicators are all
consistent with a subjective judgment that, on@dal timescale, the (hypothetical)
average global citizen is experiencing slowly d&oly quality of life. As a whole, the
species is experiencing more hunger, violence, ahditess, dislocation, communicable
disease, political restrictions, unemployment aetddorating collective services. The
burden is not being equally shared of course. BEtlie average experience, a small
fraction of the world’s population is probably exigacing rising quality of life, even as
others are bearing a disproportionate share dbtingen of these imposts. Itisin
populations where people’s ability to meet theiygpbal and socio-economic needs is
already low that the present decline is most eas@n.

Four juggernauts

While our discussion is suggesting that gross guefilife is slowly declining rather
than improving, it makes no claim that this deteximn will continue, even though |
believe (nothing more) that it will. We have allgaconcluded that predicting the future
behaviour of complex dissipative systems is a yaniWe cannot see how far and how
fast the present decline will go. Neverthelesstdhs little to suggest that tpercentage
of the world’s people that is hungry, traumatiseentally ill, displaced, infected, fearful,
unemployed or dying young will decline in comingcddes.

On the contrary, there is considerable agreemeanthumber of global-scale processes,
endogenous trendss unstoppable @sggernautdt would seem, are in train and which, if
not reversed, will, at some ‘tipping’ point, pustethuman ecosystem past its resilience
limits and trigger major reorganisation or disorgation, perhaps on the scale of the
Neolithic and Industrial Revolutions. These ‘tetitostresses-** these ongoing high-
momentum processes, which, on balance, stand te hialharder, not easier, for most
people are:

Population growth

Depletion of renewable (e.qg. fisheries) and noreveable (e.g. oil, phosphorus)
resources

Global warming

Complexification of world society and the globabaomy (carrying with it the threats of
ungovernability, long-lasting global recession-aesgion and the further impoverishment
of poor, but resource-rich countrté3

It is this perception of an impending disorganmatian unravelling, a bottleneck with
pervasive quality of life implications which is begitermed the Overshoot Crisis.
However, the difficulty of seeing how soon and d#ep bottleneck might become is
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emphasised when one appreciates how internal drpyiocesses can amplify or quieten
each other, commonly in unintended ways. For ex@ntipe current (2008-9) global
recesson-depresson is probably slowing populatiowtty, global warming and resource
depletion. Conversely, oil depletion is likely fow economic activity and global
warming; an indication here is that five of thetlsig global recessions were preceded by
an oil price spiké?* And, of course, contingent episodes such as paicdewars and
mass migrations add further complication. It waseicognition of a similar perception---
that the world faces, not just a set of large s&eding problems, but a ‘metasystem’ of
global-scale interacting problems---that the CliRome coined the useful tergiobal
problematiqué®®

Where though, the question remains, did these jugg#s come from? One answer is to
see them aspilloversor externalities as the cumulative unintended consequences of the
efforts which every virtual species, from individsi#o nations, makes to improve its own
quality-of-life prospects. Each virtual speciesabes the technologies it will use to this
end, usually taking little account of the qualitiyiée implications for other virtual
species. We might call Global Overshoot the trgggdhe invisible hand! It is the
consequence of numerous individual virtual spede®sing technologies which
generate spillovers (or precursors to spillovarghe form of population growth,
resource depletion, complexification and globalrbeating. For example, an extra child
might help the family but not the village. Narrgwhtional people do not ensure a
rational society.

THREE WAYS OF REACTING TO AN OVERSHOOT SCENARIO

The history of philosophy is to a great extent tifed certain
clash of human temperaments. Undignified as such a
treatment may seem to some of my colleagues, | sha¢ to
take account of this clash and explain a good naditiye
divergencies of philosophers by it. Of whatevergenament
a professional philosopher is, he tries when pbpbszing to
sink the fact of his temperament. Temperament is no
conventionally recognized reason, so he urges isopait
reasons only for his conclusions. Yet his temperdmeally
gives him a stronger bias than any of his moretstri
objective premises. It loads the evidence for hiva way or
the other, making for a more sentimental or a nhairel-
hearted view of the universe, just as this fa¢hat principle
would. He trusts his temperament. Wanting a une/énat
suits it, he believes in any representation ofuthieerse that
does suit it. He feels men of opposite temper touieof key
with the world's character, and in his heart comsdhem
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incompetent and 'not in it," in the philosophicibass, even
tho they may far excel him in dialectical ability.

William James (1907 Pragmatisnt*® Ch 1

My scenario of al®Dvershoot Crisisvith a dystopic prognosis provides a referencetpoin
for developing and critiquing several contrastitigfides (habitual ways of regarding
issues) towards global change. This ‘baselinetiatapoint is a loose acceptance that
the world is indeed experiencing resource depletiiybal warming, population growth
and ramifying interdependencies; and that the pavamindicator, species-wide quality
of life, is more-or-less stagnant, moving up aditierhaps, or down a little, depending on
one’s values. The several attitudes to be nowoegglaccept this description of the
contemporary world, but differ in the significantey attach to it in terms of where it
might lead and what, if anything, should be doneualthis potentially overwhelming
issue.

In the above quotation, William James is recogisivat his fellow philosophers tend to
come to beliefs that are compatible with their meimé temperaments. This insight, plus
his famous distinction between two temperamentasgh-mindedEmpiricistsand
tender-mindedRationalists--provides a basis for understanding the shafgrifices in
attitudes towards the Overshoot Crisis which arfeetéound in today’s public and
academic discussions of these matters. From ting passibilities lurking therein, |
have selected three contrasting sets of attitumtesoimparison and have given them the
colloquial names of:

Don’t panic
Stop fiddling
Rise like a phoenix

While these alternative viewpoints span the spatfirom tough- to tender-minded, as
will be explained, | have avoided perspectives Wiaeertly draw their inspiration from
religious beliefs, political ideologies, rent-saakiagendas or Panglossian technological
optimism™*’

Don't panic

‘Don’t panic’ is the tongue-in-cheek advice on tower ofHitchhiker's Guide to the
Galaxy*® by Douglas Adams. lItis hard for Adams’ hero twopanic when he realises
that ours is an insignificant planet blocking atefrgalactic freeway in an unfashionable
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part of the galaxy. Notwithstanding, the advicgesd. One is likely to think more
clearly and find a way out of trouble if the mirgdriot racing from one knee-jerk
response to another.

The tough-minded Empiricists whose response to ysyopic scenario is ‘Don’t panic,’
are sceptics who find it hard to believe in anyghither than well-established facts. In
this, they are the heirs to a long line of thinkimigich goes back to the Greek sophists
and leads eventually to such great empiricistsazké, Berkeley and Hume. Unlike
tender-minded Rationalists, they are slow to udadtion, deduction and abduction to
create bold working hypotheses, spurs to signifieation. They are wary of
conceptualisation and speculation, and that indddenal models. Their reason for
warning against panic is that they cannot undedstenw the tender-minded can
confidently foresee an ineluctably growing problgrat must be tackled vigorously and
at once. Indeed, they have little faith that husnaave the cognitive ability or data to
plan solutions to large what-to-do problems or testar the cooperation this will
normally demand. For some, this means that emgisicéire pessimistic and fatalistic as
well as sceptical. They would reply that they @t ‘aross their bridges before they come
to them.” That is, they are generally not tooa@ned about anything that is not an
obvious threat.

Other tendencies which James finds in empiricistdlzat they tend to think analytically
(look inwards rather than outwards) rather thartlsstically and materialistically rather
than idealistically. Among other things, the latt@eans looking to new technologies
rather than new ideas as drivers of history.

What is the evidence?

More specifically then, given these tendencies, hught the tough-minded be expected
to view the four global processes suggested ab®Weng the potential, singly or
together, to drive the human ecosystem towardsjarmenrganisation.

Global population growths a well-studied process for which reasonabliabé and
current data is available. Fertility rates andtdeates change slowly and smoothly most
of the time which means, other things being eqbal, future population numbers can be
predicted, decades ahead, more successfully thahatier social indicators. Both
Empiricists and Rationalists accept this and, enbiasis of documented declines in
fertility rates, accept that the rate of global plagion growth is steadily declining,
meaning that world population will peak in 40-5@Gg& The Empiricists’ perception is
that there is little evidence that the world isiogpany less effectively with each passing
year’s population increment (70 million but deatig) and that there is therefore little
reason to try and lower the rate of population dholeelow what is happening naturally.
In any case it is not easy to see how that migtadbéeved, other than through making
better birth control methods freely available.

Depletion of renewable and non-renewable resouicegell enough documented and not
to be deniegher se For discussion purposes, consider the non-reolewasources, oil
and phosphate; and the renewable resources, riates-timber and ocean fisheries.
The available data is not incompatible with theaitleat global production of both oil and
rock phosphate has peaked and will now begin tbreedailing major discoveries.
Indeed, prior to the current global recession,gxifor both were beginning to rise and
will again rise as the global economy recovers fsdew). Such price rises, provided
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they are not too sharp, provide timely and managesfnals to the economy to
reorganise. In the case of oil, which is importanll sectors of the economy, it is
fortunate that a number of substitute fuels andstdbl feedstocks (biofuels, natural gas,
coal-seam gas, tar sands etc.) exist and are glbesolg produced in increasing
quantities. In time, as supplies of carbon-basetsf(and fossil uranium) peter out, the
energy sector will again have to reorganise, prhbatound renewable-energy
technologies such as wind, wave and solar powerdtare a number of others).

The phosphate situation is somewhat different. pthasis is an essential plant nutrient
for which there is no substitute. Global agrictétis massively dependent on phosphatic
fertilisers. Current reserves of rock phosphatélast many decades at current rates of
mining but, at some stage, triggered by risinggsjdarge-scale technologies for
recycling the phosphorus being dissipated in sewagkerosion and runoff will have to
be introduced. While that transition will furthexise food prices (recycling is energy
intensive), the tough-minded, while hoping thas till not cause widespread pain,
accept that this is a transition which, in the lenggrm, cannot be avoided.

Over the 15 years from 1990 to 2005, the world Bogércent of its total forest area
through clear-felling for logs and woodchips and@gdtural uses. In the same time,
timber and woodchips from single-species shorthargplantation forests have
increasingly replaced the supply of these prodinota native forests. While plantations
now provide wood products more cheaply than ndbtvests, the clearing of forests
(tropical forests in particular) to grow crops rensaa matter of concern to those who
regret the loss of biodiversity that this entaldowever, apart from the direct impact of
forest clearing on a small number of indigenousppedhere is no data to suggest that
forest clearing affects, or will affect, quality life for any significant proportion of the
world’s people. Conversely, the meat, palm oil atiter products produced on cleared
forest lands meet people’s needs on world markets.

Ocean fish stocks have been massively depleteztent decades with many fisheries
around the world collapsing. Nevertheless, asalref more intensive technologies,
harvests of ocean fish have remained at aroundb88t9 Meanwhile, global production
of farmed fish and shellfish has more than doubtedhlue and weight (29 Mt in 1997).
Aquaculture now supplies more than one-fourth bfisth that humans eat.
Notwithstanding, pressure on wild fish stocks hatsdeclined with the introduction of
aquacultural technologies. First, demand for figh grown in line with population
growth. Second, the farming of carnivorous speaaknon and shrimp for example,
requires vast quantities of wild-caught fish todeenfined stocks — indeed, the norm is
that two to five kilograms of wild-fish biomassgffimeal) are required to produce one
kilogram of these high-market-value specté¥.Even if the wild-fish catch can be
maintained, a further change in technology will é&v occur eventually---from farming
carnivorous fish to farming herbivorous fish sustcarp.

Global warmingmeaning a permanent increase in the temperatuhe @fiobal
atmosphere and oceansay or may not be happening and may or may not be
anthropogenic, i.e. be caused by human activiti@siwresult in a net emission of
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greenhouse gases into the atmosphere. Certamlyivard trend in atmospheric €0
since, say, the beginning of the Industrial Revotuts real enough, but whether this
change in the atmosphere’s composition is resptniibthe large proportion of years in
recent decades with temperatures well-above ‘aeéiagot obvious. Perhaps this
‘cluster’ of warm years is simply a statisticaldtuation of the type which appears in all
time-series of measurements of natural variabl@s?perhaps the world is experiencing
a real upward tend in global temperatures, bubnetdue to the greenhouse effect? For
example, have global temperatures been simply rebing since the (ill-defined) end of
the Little Ice Age towards those of the Medievalriideriod?

The modelling work that has supported the conciysieached by the International Panel
on Climate Change (IPCC) for example, that globalming is real and largely caused
by human activity, is rich and commendaBiéut nonetheless contestable. Some
Empiricists are open-minded as to the truth of tleisclusion, while others seize on
recognised conceptual flaws and database defigemeithe main models as grounds for
rejecting those models’ conclusions.

Empiricists who accept the reality of global warmmay still be doubtful as to whether
anything can or should be done about it. For thdse cannot additionally accept that
greenhouse gases are the cause and that reduesegwiil ‘solve the problem,’ there is
not much that can be done. For example, altematays of cooling the planet, such as
loading the atmosphere with aerosol particles dtinmureflectors in space, have been
suggested but, if anything, such are more problealdbr sceptics than emissions-
reduction.

Those Empiricists who can accept that the greereghgas hypothesis is plausible, albeit
‘unproven,” may still be reluctant to advocate awtio curb greenhouse gas emissions.
This could be for any of several reasons. Onkadlifficulty of assembling a
comprehensive range of alternative countervailictgpa-plans for consideration,
together with the further difficulty of associatiegch plan with a reliable estimate of its
costs and benefits or, more generally, its qualityfe consequences. If attempted, such
a study might even find the ‘do nothing’ optiont® superior! And then there is the
virtual-species problem. Global warming has tddwkled at a global scale. It would not
suffice for Americans and Europeans to agree ort vehdo; the views of Chinese and
Indians would have to be considered. To datehaeiChina nor India accepts that
proposals for controlling global warming take sci#nt account of their interests as
major industrialising societies.

But there is a response to the perception of glalaaming, and its potential to disrupt
billions of lives, which is compatible with toughimled empiricism. Rather than
attempting to ameliorate, to forestall the avalascbf change which would occur if
‘worst case’ models of climate change turned odtg@orrect (e.g. by reducing
emissions), people might be able to cooperatecsefiily to monitor and give early
warning of the emergence of shocks and abrupt its@aw help those affected to adapt
to them, e.g. help people move to higher grounetloicate as sea level rises. While it is
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true that this reactive or adaptationist approachldstill require large-scale cooperation
if large-scale impacts were to occur, the pratpeablems to be addressed, and
responses to them, would be clear, and hence readdly agreed. The adaptationist
approach has the further advantage that it doeseqatre massive ‘up-front’ investment
to ameliorate changes which may not even be theecaluglobal warming and its
consequences; or to ameliorate changes which magr necur. It should not be taken as
derogatory to label the adaptationist approacHdbay warming as ‘muddling through’

or reactive.

Global recession-depressiathe fourth of the dark horsemen hypothesisdzbto
presaging dystopia. The reality of the abrupt weltang of the highly-connected global
financial system and the global 'real’ economy whiiegan in 2008 has been plain to the
tough- and the tender-minded alike. It was oleliturprise to the tough-minded that
there was a near-total failure of ‘experts’ to &@e the onset of this bifurcation and
equally unsurprising that there is much disagreemgmo its causes and its prognosis.
Historically, depressions have led to output fafishe order of 10-15 per cent over
several years, but could the present reversal lwh meeper and much more prolonged?
The possibility that the global economy-financigdtem might never return to anything
like its present size and structure is barely coplated. What happens if the American
dollar continues its 30 year slide and there iderader of last resort'? Could
international currency markets collapse? The platlof what-to-do remedies and rescue
operations being tried by weakly-cooperating indiisl governments in their efforts to
restore thestatus quo antattests to the limited understanding humans héteeo
monstrous non-linear system they have created.

Empiricists too have little confidence that the is@uof the current recession-depression
can be predicted. Nor do they have much confidendge ability of the global
community to slow or reverse the present recessepression. Indeed, they have doubts
as to whether this is even desirable. As pointédy Joseph Schumpeter, with his ideas
of ‘creative destruction,’ the death of old enteses releases ‘locked up’ resources for
the establishment of new enterprises, better-adaptan ever-changing worfd? The
same idea is found in Buzz Holling's thinking abth# processes of destruction,
simplification and renewal in natural ecosystemisf allowed to run its course (e.g. no
bailouts), the present recession-depression veldritde the economy of numerous
activities with high opportunity costs. Notwithsthng, Empiricists who value the idea

of high quality of life for most people, will stiflee it as important for governments to
support people who have lost access to employnmehpablicly-funded services as this
downturn spreads.

Summing up tough-mindedess

In terms of responding to a scenario of Global Gkeot ending in total social
breakdown, the tough-minded are likely to haveaztige or wait-and-see attitude
towards the four global-scale processes suggestattkctably increasing the
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probability of such an outcome. Reluctant as #reyto generalise, the tough-minded
have learned that when large complex systems ajectad to disruptive forces they tend
to self-reorganise in ways which counter or netjaampacts of those disruptions. The
tough-minded believe in closely monitoring thesabgl-scale processes so that people
know what is happening at any time; and, if andnvheality of life can be seen to have
been impacted, practical steps can be taken tessdnose impacts. First put out the
‘spot fires.” Their ‘early warning’ and ‘first aidittitude to the global problematique is
understandable in light of their lack of confidemtéehe global community’s ability to
understand and manage population growth, reso@etibn, global warming and
economic complexification. They note the ironytthalobal-scale social breakdown

will at once halt the very juggernauts that havepsisedly caused that disorganisation. It
worries Empiricists that many (perhaps most) ofrtiationships implicit in the reference
scenario cannot be investigated via the metho@spérimental science.

Two ways of being tender-minded

In terms of William James’ distinction, a tendermuhéd rationalist is one who, in the
spirit of the Enlightenment, is able to accept@hershoot-diagnosis as a plausible
working hypothesis. That is, in the absence adative intervention, the unfolding
consequences of global population growth, resodegtetion, global warming and
complexification of global networks will be, indeedready are, highly threatening to
species-wide quality of life. Rationalists, mocetean Empiricists, have learned, from
others, or from experience, to trust reason ass i@ action. More strongly, theyant

to use their reason to guide their behaviour. Tdreyreadier to come to inductive
generalisations and to accept abductive explargtian those that are consistent with the
facts. Compared to Empiricists, they are willingatcept lower levels of proof.
Sometimes, because no reasoned position can evehbgistified, Rationalists can be
tempted to retreat into dogmatism when confrontgl gcepticism and accusations of
naiveté. Normally though, Rationalists will recagmthat their mental models of what is
happening and what to do are likely to be wrongldmlly to need correcting in light of
experience and changing circumstances.

More generally, the ‘how-to-intervene’ problem isemously challenging and has no
truly convincing answer. In principle, Rationadistant the global community to address
both causes and consequences of global Overshastmeans, firstly, that they will be
looking for ways to slow, reverse, modify or adapbne or more of the ‘big four’ global
trends.>* Secondly, they will be looking to forestall drthiat cannot be achieved,
mitigate (from mitigare: to soften) the adverselfqu#f-life consequences, the suffering,
lurking in these trends. In that last they arersg with the Empiricists.

This is the point where it is necessary to makesangtion between Rationalists who
believe that effective intervention at the prestage of the Overshoot Crisis is possible
and Rationalists who believe that the Overshoai€rs going to run its course,
irrespective of the efforts of well-intentioned,dwmedgeable humans, i.e. Rationalists
who are ‘immediate interventionists’ versus Ratlmtsiwho are ‘post-bottleneck
reconstructionists.” The latter group’s somewh#ecent perspective is that a well-
prepared, forward-looking global community has osable prospects, after passing

154 Fissel, H-M., 2007, Adaptation Planning for Climate Change: Concepts, Assessment
Approaches and Key Lessons, Sustainability Science, 2 (2) pp.265-275
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through an inevitable dystopic bottleneck, a goeaitraction, in which quality of life
plunges, of rising, like a phoenix from the ashed Beconstructing a long-lasting human
system in which quality of life steadily improves imost people. We will discuss these
contrasting tender-minded attitudes under the adorgrheadings, ‘Stop fiddling’ and
‘Rise like a phoenix.’

Stop fiddling

Popular legend has it that Emperor Nero playeditite (Iyre) while the Great Fire of
Rome burned in 64 CE. The admonition of the imntedilaterventionists to ‘Stop
fiddling and try to prevent the fire from spreadirga metaphor for an attitude which
sees the unfolding consequences of Global Overd®bighly threatening to species-
wide quality of life; and, furthermore, as a mattéurgency, the global community (the
global ‘fire brigade’) should (and can) interverigorously to slow or reverse these
processes.

Those who are looking to intervene at once to arake or prevent a dystopic collapse
over coming decades include governments, inter{gowvent organisations, non-
government organisations, enterprises and indilgdué&/hile each of these has its own
capacities for intervention and its own sense wirfiies, governments have a collective
responsibility and inevitably carry much of thedoaOur purpose here is not to discuss
the many particular recommendations for immediatervention that have been made.
Rather, it is to highlight a handful of principlasd priorities that might or should be
guiding the making of such more-specific choices] 8 ask what the proponents of
immediate intervention hope to achieve in the lorgem. .

For a start, it is clear that a comprehensive aggrpa ‘grand plan,” will never be
possible and that a mixture of partial, heuristid amstrumental approaches will have to
be used. At first sight, there is a body of idéest has been developed to assist with
making multi-faceted decisions under non-certatfityThat methodology would suggest
searching for the mix of interventions with thetregt expected quality-of-life benefits
into the future; and then regularly revising on@ans as circumstances change.
Unfortunately, the time, data, probabilities, valuesources etc for taking such an
approach are not available. The rationalist itealjain found to be constrained.

Just as comprehensiveness is not possible, itssdapptiunnel vision,” needs to be
avoided, i.e. avoid addressing just one dimengiom @lobal economy, say) of the global
problematique while neglecting its other dimensifmg. resources, population, climate).
Here, it is helpful to ask of any policy develogedaddress issues in one dimension what
its implementation might mean for issues in othereshsions (all problems exist in the
context of other problems). Or, more proactivelye should be looking for interventions
which address multiple issues simultaneously. Thig in fact, be observed in current
discussions on how to use government funding tivees flagging global economy.
Beyond lubricating the financial sector, governnfentding can play a useful role in, for
example, improving infrastructure, and hence resoflows; or, supporting research into
the mechanisms of climate change and populationgghar improving quality of life
directly by improving health and education services

155 http://en.wikipedia.org/wiki/Decision theory, (Accessed 24 Dec 2010)
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For the purpose of developing a suite of ‘high ptyobinterventions, it is necessary to
recognise which unwanted aspects of the juggepragesses are mitigable and worth
mitigating and which can be adapted to and arematipting to; the logic is that of
medical triage. For example, sea level rise isaamsequence of global warming which,
given the high proportion of the world’s populatidring near the tidal zone, has major
quality-of-life implications for the species; midtitude droughtiness is another. Many
Interventionists think that the rate of sea levs mwould be mitigated (slowed) if
greenhouse gas emissions were to be reduced bgr&@pt by 2050. Or, more
adaptively, those living in the coastal fringe caove to higher ground---if such is
nearby and relatively unpopulated. But those eeided’ will simultaneously lose some
of their quality of life, an illustration of howlahitigatory and adaptive responses to the
stresses of overshoot produce both winners andslo&ich conflicts of interest between
virtual species have to be resolved politicallyenfwith great difficulty, or
unsatisfactorily. That is why technological sabuis, which are imagined to create fewer
conflicts of interest, are so commonly promotedbiticians, e.g. building dykes
against rising seas; capturing and storing carloaittexd from coal-fired power stations.

As the Overshoot Crisis broadens and deepens,asrif interest stand to consume
much of the available political energy and thatasgerous for quality of life in the
longer term---innovation becomes very difficult.ohd than that, Robert Heilbroner
points out that in times of social crisis peopleenfturn towards authoritarianism in the
belief that it will be better able to cope than @enatic structures can’® People will not
tolerate a society where they are subject to periggheavals. A good example is
fascism. In the 1930s fascism brought stabilitffuotuating economies by reducing
freedom at a time when there was a stalemate betdesmocracy and what is nowadays
called neo-liberalist>” Stability of expectations is clearly an importaatt of quality

of life. Even in quieter times, many are willingith help from the state, to sacrifice
freedom and democracy for security. With the h&glpeiority, the authoritarian threat
must be held at bay. But how? Because the sahhologies for strengthening
democracy cannot just be taken off the shelf,imigortant that adequate resources be
found for generating and trialling ideas for impiraydemocratic processes, e.g. making
them less adversarial, more dialogic.

As a general principle, people can often adaparge changes if such do not happen too
quickly. So, even if the juggernaut processes ctbe stopped, all interventions which
might delay their impact need to be evaluated. &4aw protect national economies from
the vagaries of the global economy (e.g. via j@aton schemes) would be an example.
Using some form of taxation or rationing to slowe tlate of depletion of oil and other
minerals would be another. Measures to slow tteeabpopulation growth, educating
women for example, might take decades to bite bukdcmitigate social unrest in
countries with high birth rates, e.g. in east Adric

What of other principles for helping identify pntyrinterventions? Some are self-
evident, like attempting to mitigate-adapt to chemdirectly reducing quality of life for

156 Heilbroner, R.,1993, 21st Century Capitalism, Norton, New York, p.113
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large blocks of people, especially those alreadgdirantaged, e.g. food and water
shortages. Equally, attempts should be made tempr ‘high impact but low
probability’ contingencies such as large-scalewesmwars, ‘runaway’ global warming
and permanent global-scale depression..

A scenario for optimists

The more optimistic advocates of immediate intetieer subscribers to the dominant
paradigm usually (see pageror! Bookmark not defined.) seem to think the global
community can go a long way towards slowing, remgrand adapting to the juggernaut
processes underlying the Overshoot Crisis; andrisvameliorating the accompanying
negative impacts on quality of life. A scenarioigthwould not surprise them might run
something like this:

Global warming and its downstream consequencedwill
mitigated and adapted to, albeit belatedly, usingaof
energy-saving measures, strategic retreat, renevesigrgy
and carbon capture and trading. The global econaithy
recover from recession-depression more rapidly than
otherwise through the use of public investmentistedution
programs and fiscal-monetary measures. Once reztyve
the global economy will be reformed and proofedirzgia
further runaway disturbances through the use ofsomes for
slowing capital transfers between currencies, ssatg
exchange rates and regulating risk-taking market
behaviours:®

Interventionists recognise that they can do vetiglabout global population growth and,
in any case, it is a juggernaut that is alreadwisig. Notwithstanding, there will be
regions of the world where intervention to imprayelity of life and to lower birth rates
might be judged a priority, i.e. regions where dgpopulation growth has spawned
hunger, disease and war. For example, outlawiagntiernational arms trade would

make war a smaller problem than it is. There algb be regions where mass movements
of people will need to be managed. In the develaperld, intervention to promote
acceptance of simpler lifestyles will not slow ghbpopulation growth but might be
encouraged on the grounds that this will make asier task to feed the billions yet to
come---the philosophy of ‘live simply that otherggint simply live.’

As resources are depleted, the real costs (enatgyr etc) of delivering supplies to
users rise which, if the economy is operating pacdy, means fewer goods and services
will be available for final consumption. For exampif the energy required to extract and
market a barrel of oil increases, that additiomargy etc. is now lost to the rest of the
economy. Alternatively, as such real costs risaket forces which mitigate and adapt
to this loss are likely to emerge. If the suppiigedule of a resource rises, its market-
clearing price will rise and ration what is aval@bAlso, users of the resource will begin
looking for cheaper substitutes, e.g. gas forRécycling may increase where this is

158 Solow R.M., 2009, How to Understand the Disaster, New York Review of Books, 56 (8)
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technically possible eg, for metals, phosphatechmelogies for improving resource-use
efficiency (resource input per unit output) maysoeght, e.g. fuel-efficient cars. In
general terms, depletion of resources triggerdfaegrganisation of the product mix and
the technology mix being used. If this self-reanigation takes place fairly slowly, it will
not necessarily be obvious that the reorganisédiasreduced---or improved for that
matter---quality of life.

If however a reorganisation takes place rapidlyybgnan standards, people’s lives will
be disrupted and their quality of life will probgldall. In such situations Interventionists
may look to introduce public programs which slowplééon (e.g. extraction quotas) or
which speed up and improve the adaptive and mikigaesponses generated by market
forces, e.g. labour market programs, subsidiessfoycling and for research into
substitutes and efficiency—measures.

Resource extraction can trigger other side-effesgglovers) which Interventionists may
seek to mitigate or adapt to. Pollution in its mérms is a good example, e.g. air
pollution from burning fossil fuels for transporicaelectricity generation. Resource use
of itself can lead to resource depletion, e.g. idsiodiversity through land clearing;
degradation of poorly-managed arable land.

Finally, in the case of renewable biological resesrsuch as fisheries and forests,
Interventionists will probably seek to avoid deetby having harvesting regulated to
levels below maximum sustainable yields.

Managed markets

The tender-minded Rationalists who want the glabaimunity to ‘stop fiddling’ and
intervene decisively in the Global Overshoot predesve a characteristic approach to the
how-to-intervene problem, namelyreanaged marketspproach® Under this
perspective, the ordinary market processes of¢bhe@my are expected to spontaneously
counter the advance of the various juggernautsctiaiderable extent, e.g. bringing
profitable new technologies to market. But itdggially recognised that a variety of
collective actions will still be needed to addrpssblematic aspects of the Overshoot
process which are external to the market econdfoy.example, unmanaged markets
will not provide goods and services for which thare no effective buyers, e.g. health
and education services for poor people. Thirdig,imhanaged markets perspective
recognises that some major threats to qualityfefdannot be ameliorated by either
governments or markets, at least not in the sphadew decades, e.g. global population
growth.

Perhaps because it is too far off to have trigjemsideration, it is not clear how
Interventionists think the human ecosystem wilklelving and functioning after it has
passed through a much less disruptive bottleneank would have been the case without
strong intervention. Implicitly, once effective agires have been taken to mitigate and
adapt to the juggernaut processes of Overshooth miuthe human ecosystem’s pre-

159 Harris, J.M., 2009, Ecological Macroeconomics: Consumption, Investment, and Climate
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existing structures and processes will still bad¢htind poised to evolve further, free from
the overhanging threats associated with econormmptxification, resource depletion,
global warming and the fallout from relentless pagan growth. While the

evolutionary trajectory of this post-bottleneck gggtem cannot be foreseen, it might
well present as a world where fewer people aregueiss energy and social—cultural
change is taking place more slowly than in todayosld---a reformed world rather than

a transformed world. It stands to be a more susbdé world, but one which would still
seem quite familiar to postmodern peofSfe.

We have now identified two contrasting attitudesaads the proposition that the human
ecosystem has entered a global Overshoot Crisigdwsifunnelling into a dystopic
bottleneck where quality of life will plummet forlarge fraction of a much-reduced
global population. One is a tough-minded ‘wait-se@’ attitude whose advocates are
empiricists. They are willing to implement adaf@atand mitigation measures but feel
they must wait till problems and damaging trends(amore) clearly evident.

The second [[[[??7?]]attitude is a form of tendendgd rationalism whose advocates
believe that, in the absence of massive immede&items, the reference scenario with its
vision of a rapid descent into ‘tohu-bohu’ is albtlikely to come to pass. These
immediate-interventionists are optimistic in these of being willing to act as though the
global community, using a managed markets apprtmastiervention, can ensure that the
dark future of the reference scenario will be laiefnd less disruptive than would
otherwise be the case. They have a level of cenfid that the global community,
governments and markets together, will mostly He tlbmake rational decisions on how
to mitigate/adapt to foreseeable and emerging problassociated with overshoot. A
depopulated, deurbanized, deindustrialised, detit@ubworld awash with displaced
people can be avoided. And they do not see theakspecies problem, the difficulties
that interest groups have in working cooperativaty/a towering barrier to successful
intervention; theirs is not a world ruled by thagsl macroparasites.

Rise like a phoenix

We come now to our third selection from varioussilole attitudes towards the reference
scenario, i.e. towards the idea of@wershoot Crisisvith dystopic consequences,
including currency wipe-outs, depopulation, deiridaBsation and deurbanisation. It
too is a rational tender-minded attitude, like thiathose who would intervene strongly to
minimise the entangled impacts of various juggetrpaocesses on quality of life for the
world’s peoples over coming decades. Differerlyugh, it is an attitude which regards
immediate-interventionists as far too optimistieliéving as they do that the global
community can reform slow, mitigate and adapt srtftomentous processes that are
already reshaping and redirecting many elementseofiuman ecosystem. The
alternative perspective now to be considered isithsalready too late to stop a massive

160 Raskin, P., Banuri, T., Gallopin, G., et al., 2002, Great Transition: The Promise and Lure

of the Times Ahead, A report from the Global Scenario Group, Stockholm Environment
Institute, Boston
Mulgan, P., 2009, After Capitalism, Prospect, Issue 157, http://www.prospect-

magazine.co.uk/article details.php?id=10680, (Accessed 28 April 2009)




108

disorganisation and simplification of the humansystem from occurring, more-or-less
as the reference scenario suggests.

However, while deeply pessimistic about the immiedieajectory of the world system,
this attitude, tagged here Best-Bottleneck Reconstructionissipltimately optimistic.
How is that? The metaphorical admonition to ‘Rike a phoenix’ is a reference to the
mythic phoenix bird which self-immolates every 5@&@ars only to rise anew, reborn from
its own ashes. The implication is that after pagshrough an inevitable dystopic
bottleneck, a great contraction in which qualityifef plunges, it might be possible to
reconstruct a long-lasting human ecosystem in whicdity of life steadily improves for
most people.

Is it totally preposterous, this scenario of a Wa@kperiencing a collapse in the social
processes that allow daily life to continue meepegple’s basic needs? It has happened
before on a regional scale many times but perhapglabally since the volcanic winter
following the Mt Toba eruption 70 kya. Under tiedat of a superpowers nuclear war,
fear of such a scenario was widespread during tHe26' century. Today, many
respected scientists and academics, including Jaowsock, Martin Rees, Thomas
Homer-Dixon and Ronald Wright and respected science journalists such as Howard
Kunstler and Paul Robettd have concluded that they would not be surprigethé
eventuation of some version of such a scenariad tArfurther help us to imagine what
this looming bottleneck could be like, there i®ad tradition of science fiction that
explores life in apocalyptic and post-apocalyptiris®®

Having made the working assumption that the woyktesm is sliding into an inescapable
dystopic bottleneck, and given that the proponemtsre talking of are tender-minded
Rationalists who want to facilitate and expedifgoat-bottleneck recovery in quality of
life, what might Reconstructionists advocate? Whdbeir strategy for helping global
society rise like a phoenix? There are many pdssab, but let me elaborate one based
on the ‘Noah’s Ark principle.” Faced with an inunida he could not prevent, the
mythical Noah built a large boat which safely haligevariety of animals until the floods
retreated. The animals were then released to utgepthe Earth. Transposing this ‘be
prepared’ principle to the prospect of Global Otiexst, Reconstructionists argue that,
before pervasive collapse arrives, therewsradow of opportunityluring which the
global community should do as much as possibledgpare for reconstruction.

As with the Immediate-Interventionists, there isedgphantine assumption here that the
global community’s various virtual species (goveemts, enterprises, hon-government
organisations) will be able to agree on what shieldione, and be able to cooperate to

161 Lovelock, J.E., 2006,. The Revenge of Gaia., Allen Lane, London;.
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attempt it. It would help here if Reconstructidsisould convince people at large that an
extreme-case scenario is plausible, although oagimas that most people will find it
impossibly frightening to contemplate the destiutf their civilisation. And yet, a
society that cannot and will not even considerpbssibility of such a collapse cannot
organise to better survive it. It would be iroificollective action were to become an
idea in good currency only after the organisati@talctures that would allow collective
action had become dysfunctional! .

Just as Noah conserved biological capital, the R&oactionists’ task can be viewed as
one of conserving and/or constructing an appropeadowment of ‘capital’ to leave to
the survivors of the bottleneck experience. Téiwhere difficult questions start to
suggest themselves---what to try to bequeath wbleshd on what the survivors’ situation
is assumed to be. For example, when will stable petterns of social organisation
begin emerging from the disorder of the bottlengekod? Are we talking decades or
centuries? What form will those emerging societi@éd®? Will they be anarchic, tribal or
hierarchical? Will nation states exist? How wiicieties be energised? Will there be
mechanical power, electric power, animal powerespective of Reconstructionists’
efforts, what cultural and physical capital willrgive the bottleneck?

The aftermath: rolling backwards through history

While it is largely unpredictable, the behavioutloé global system as it is pushed into
self-reorganisation by population growth, resoutepletion, economic complexification
and global warming, is not unbounded in its po$is#s. For example, if people are to
survive, and we can assume some will if there arautlear wars and winters, they will
need to keep producing food by cropping, herdiigiirig, hunting or foraging. If people
persist, so must technologies for food consumpiog. fire, cooking) and production. It
can also be assumed that people will try to liventantional communities of some sort to
secure the benefits of cooperation, e.g. physealsty, food sharing. If so, language
will also survive, perhaps with a degree of spidtand simplification, depending on
which communicative and cognitive technologies alsvive. However, other than
supporting small populations of scavengers, largesowill not survive extended
disruption to their food, water and energy supplidsd, as recently demonstrated in
Baghdad, recommissioning degraded infrastructuag@ isnormous task, even with
outside help.

It only takes a few such circumscriptions to creagpace where one can think about the
post-bottleneck world in a concrete way. For exiapt us suppose that, come th8%22
century, our great—grandchildren or beyond haveised the worst of the bottleneck and
are beginning to lead lives which are more setied routine but still highly precarious.
The Ecumene (inhabited world) might be somewhatlemhan it is today, but not
dramatically so. Mid-latitude deserts may haveaexjed and coastal plains lost to rising
seas but, elsewhere, one can imagine a thin srhearadl subsistence villages
distributed across the continents in patterns resimilar from today’s food-growing
regions; in total, the human, mostly rural, popolais likely to be very much smaller.
Crop yields per worker stand to be low and varidbteeasons which include more
climate variability, no mechanisation, no artifidertilisers, no well-adapted
management skills and plant varieties poorly adhfienew climate patterns. As in the
early Neolithic period, or the early Middle Agesydood surpluses will be insufficient

to reliably support unproductive soldiers, priestsl city-dwellers. Some villages might
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be able to support a blacksmith; others would nie¢chde precious surpluses for iron-
tipped tools. With an anvil and a hammer a blacksiwan make everything else he
needs; then he can make items needed for farminigiry, cooking etc..

There will of course be some favoured areefigia where food surpluses come easily.
For example, as coastal waters penetrate inlarydwiiebecome nutrient-rich and
support larger fish populations. In general, reslele resources will be recovering from
their pre-bottleneck exploitation; foraging prosisewill improve. Communities capable
of producing surpluses will have to trade off tleewity offered by stored food against
the risks of attracting marauders and displacegleeor the risks of allowing their own
populations to grow; or the risks associated webdming a hierarchical society.

Creating an inheritance

Whether or not it actually guides their behavidhese village communities could not but
benefit from knowing how past societies have maése sorts of choices and what the
consequences were. Indeed, just knowing that thegbears had to make similar
choices is likely to boost a community’s sensedehtity. However, it is doubtful if the
significance of surpluses and what happens to theaid be appreciated by post-
bottleneck villagers, at least not without assistariew enough contemporary people
understand how food surpluses have influencedmyistidere then is a first task for the
post-bottleneck reconstructionists---write a potedlogical-evolutionary history of the
species, specifically for bottleneck survivors avith a focus on the adaptive
consequences of major innovations in material,aspcognitive and communicative
technologies. Perhaps an update of Gordon ChitdassicMan Makes Himselvould
suffice!®® However imperfectly, we know much of potentialue to our descendants---
if we can but transmit knowledge to them acrosgiikeontinuity we are probably
entering.

More generally, many ideas about what to try tousath flow from the modest starting
assumption that the human ecosystem, as it eméogadottieneck times, will be re-
organising into numerous small communities of pefsamers. Today, nearly half the
world’s people still live in villages of one sont another. Given the Phoenix scenario,
one can imagine most of these becoming dysfund{ion@ven abandoned, under
impacts such as crop failures, loss of governmenices, waves of refugees and loss of
markets for selling cash crops and buying simplaufectures. Nevertheless,
depending on how long the bottleneck lasts, sitexisting villages are likely to become
the loci around which post-bottleneck societiesiég reorganise, places where people,
extended families perhaps, come together for myiedéction, to share knowledge and
meaning, to undertake collective enterprises, ébdesense of belonging etc.

Assistance to these bottleneck survivors might bsetmaseful if structured around the
goal of helping them solve their immediate (cf.determ) problems. Here, it seems
plausible that these will be not dissimilar to Huets of problems that modern scholars
infer to have faced village-based farming sociedi®shey have emerged around the
world from the early Holocene onwards. For example

164 Childe, G., 1936 1981, Man Makes Himself, Moonraker Press, Bradford-on-Avon,
England
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Managing food production and distribution underentan weather conditions
Managing population size and composition

Managing relations with neighbouring villages

Protecting themselves from marauders in searchanf,fwomen, slaves, valuables etc.
Protecting themselves from coercive self-serviraghégs

Improving technologies for routine tasks

Creating meaning and identity for themselves

These then are the sorts of problems the Recotisinigts might want to help with. Let
us assume so for present purposes. If, and itmaeseem very probable,
Reconstructionism were to become an idea in goa@rcy, resources might become
available for assembling technology recipes andighy capital, either existing or
imaginable, for the present generation to transormost-bottleneck generations; and for
setting up ‘time tunnels’ for transmitting themhaift is, Reconstructionists would be
using the lull before the storm to create-docuntectinologies and create-conserve
artefacts specifically for the benefit of the presgeneration’s (great?) great
grandchildren.

It may well be of course that, after living througgveral generations of increasing
disorganisation, our descendants will have lostiadlerstanding of a science-based world
view and reverted to animism or theism. After lalgk at how little impact

Enlightenment thinking has today on a large majaftthe world’s population. Perhaps
our descendants might conclude it sensible to trejeg help from those who triggered
their discomfort!

It would be premature to make lists of specificwsalogies, artefacts etc which a
Reconstructionist initiative might decide to tratistm post-bottleneck survivors. Ideally,
the selection and construction of such a bequestigoponents would emerge from an
extensive program of dialectical discussions, cltasaies and research involving
numerous historians, contemporary villagers, ambiagists, sociologists, psychologists,
technologists, scientists, sci-fi writers, futtsigtc.(Why not degrees in post-bottleneck
studies?). The best candidate institution for rgargasuch a program might be
something like a UN-basadforld Commission for Post-bottleneck Reconstructi@min
the absence of an international initiative, cowsticould still plan for the long-term
survival of their own people.

What can be done here is to note, in relation th ed several challenges to post-
bottleneck village-life, a few of the suggestionsl @bservations likely to appear in
discussions on just what cultural and physicaltedhas a good claim to be made
available to the bottleneck survivors. These moiapresent the merest flavour of the
many that might be raised.
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The food problem

Urban refugees, in particular, will have little &ef basic agronomic practices including
seedbed preparation, watering, weed control, platrition (including recycling) and
harvesting techniques. Well-designed implementduding wheelbarrows, will help.
Making allotment gardens available to city dwelleosv might help preserve cropping
skills.

Growing food without the help of draft animals ocachinery is physically demanding
and for much of the year, totally time-consumingsing draft animals increases output
but such have to be fed and husbanded.

Survivors will need ways of diversifying and staing food supplies, including the use
of mixed plantings, some hunting and gatheringlenaith neighbours, raising domestic
livestock. Any experimentation (e.g. plant breggliwill have to be on a small scale.
Although survivors will need to supplement cropsidmaging and hunting, it would seem
almost impossible to transmit such landscape-degerskills through manuals.

Technologies for sharing and distributing food sarmooth out minor fluctuations in food
supplies. Such practice will also contribute tougraohesion.

Survivors will need simple technologies for protegtstored food, including tubers and
root crops, grain, flesh, fruit and nuts, from rotdeand insects and decay. Good rat traps
protect grain and capture food. Survivors will néachnologies for protecting growing
crops from birds and animals, e.g. birdlime, trdpsces.

The population problem

Depending on the productivity of the local enviremt villages with populations

smaller than, say, 50 or larger than, say, 150ikeky to encounter problems of, amongst
others, achieving peaceful governance, sufficieférce capability and coordination of
collective actions.

In principle, the population of an aftermath vikagnd its surrounding farmland and
other territory---thestocking rate--Aeeds to be well below the long-run carrying-cayaci
of that territory. A low stocking rate confersitesice and security in the face of
fluctuating food supplies. In practice, identifgithat carrying capacity will be difficult,
if not impossible, when local experience is limitget the local climate is not only
variable but still changing perhaps.

Although it can be argued that quality of lifeileely to be higher when numbers are
more-or-less stable, history suggests that it iseexely unusual for human communities,
whatever their size, to avoid population growtlyaod times and swift decline, through
death or out-migration, in bad times. One reas@idin ignorance of population cycles.
Reasons for a community allowing or encouraginguytetion growth include fear of
enslavement or massacre by a more-numerous enencgnversely, an ambition in the
community’s own leaders for territorial expansibrough military conquest. A large
population may be seen (probably wrongly) as instgaagainst epidemic disease. For
the individual, a large family offers some insuramgainst deprivation in old age.



113

Because optimal population size will always be eagtitlependent, Reconstructionists
can do no more than warn survivors of the dangeos@r-estimating carrying capacity
and suggest a cautious approach to changing conymunnbers, whether up or down.
More concretely, Reconstructionists should perlgiyps high priority to bequeathing
social and material technologies with the potentameliorate causes of population
growth. Three of these causes, those stemmingtherproblems posed by marauders,
coercive leaders and difficult neighbours, are tdedh separately below. Here, we can
recognise the value for population managementabinielogies for reducing unwanted
births and technologies for raising healthy-lifpegtancy at birth. Remember, we are
talking of informing people who will have little $torical memory of today’s medical
knowledge.

For a number of reasons, contraception is preferabhbortion and infanticide as a tool
for population stabilisation. Unfortunately, coma®and sophisticated prophylactics
such as contraceptive pills, emergency contraceptnd spermicides will not be
available to post-bottleneck villagers. Reseasaheieded now to locate and evaluate
(and even breed) effective herbal abortifacieftise ancient Greek colony of Cyrene at
one time had an economy based almost entirely®pribduction and export of
Silphium, a powerful abortifacient in the Parslaynily.'®> Research is similarly needed
to develop intra-uterine contraceptive devices nemough to be made by post-
bottleneck villagers. It may also be possible to@ify and improve the accuracy of
fertility-awareness methods (e.g. presence of catvnucus) of avoiding pregnancy.

Reconstructionists may also be able to suggestvimiral guidelines which, along with
more material technologies, might help survivor ommities to keep their numbers
stable. For example, women are more fertile attebmilkers when well fed; the old
can expect to be poorly fed when the stockingisateo high; food rationing might
improve survival rates in bad seasons; cannibaksam option. An appreciation of the
slow march of population dynamics would help.

Like people today, bottleneck survivors will waatléad long healthy lives. Simple
technologies for raising healthy-life expectancyiath include awareness of preventive
behaviours such as avoiding contaminated watemasthing hands with soap (which
can be made from wood ash and animal fat). Ifidamgmbers of people could be trained
to treat common ilinesses and injuries (‘barefamdtdrs’) before the world becomes too
disorganised, theirs would be the sort of knowlelige@ng a reasonable chance of being
passed on till it became available to post-bottténgllagers. As a bonus, to be able to
understand the training manuals studied by thesseawould be a powerful incentive
for people to continue learning to read. Ways akimg simple medical instruments (e.g.
tweezers, needles) would need to be developed too.

The neighbour problem

Throughout pre-history, humans and their extinetrsrelatives lived in small groups in
more-or-less fixed territories which they came now well, and from which they
attempted to expel trespassers. But, as noteérdethal inter-group violence and

165 http://en.wikipedia.org/wiki/Abortifacient (Accessed 12 Mar 2009)
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dispossession was probably a common response tpapudation and hunger caused by
runs of poor season®

Under the phoenix scenario, it is easy to see houltare of inter-group violence might
grow up in a region as bottleneck survivors stradglchoose sites for villages, manage
their group numbers and come to an understandiogtdmundaries with strangers in
neighbouring villages. And it would not necesgabié an advantage to have this process
of reconstruction being overlaid on a past pattéroccupied villages; not if the remnant
prior populations wanted to cling to outdated prast and old enmities.

Once started, tit-for-tat violence seems almostassble to stop. Still, while more than
likely fruitless, it is important that Reconstrutists make a special effort to
communicate this truth to post-bottleneck villageffiere may be a place for posturing
and spear-shaking to clarify boundaries betweeitdges but the risks of escalation
need to be made crystal clear. A culture of igiendp violence has many costs and few
benefits. Apart from the diversion of valuableawses into security operations and the
creation of a permanent climate of fear, the bigges when fighting between neighbours
becomes institutionalised is that it might trigggpush for population growth. Warring
can then become a routine activity for culling esscpopulation! What a trap.

Relations between neighbouring villages are mdwehylito be cooperative and friendly
where villages are small and stocking rates lowd; iarfrontier situations where new
villages are founded by emigrants from nearby géla Such arrangements are also
conducive to ‘balance of power’ solutions to thelpem of aggression, i.e. several of a
region’s villages can collaborate to discipline amgle village which becomes
aggressive.

When there is a degree of trust and interactiowden the villages of a region, they will
come to share a common disease pool (and hendarsimmunities) and enough of a
common language to be able to communicate on aadether matters of common
interest. Trade has the potential to improve ilifenany ways, allowing the acquisition
of, for example, medicinal herbs, abortifacientsttgry, cloth, jewellery, pack animals,
large and small domestic animals, seeds, minenalseavenged metals.

History shows that intermarriage between peoplefn@ighbouring groups can promote
cooperation and alliances between those groupsn\Wiuse groups are extended
families or clans, incest conventions can alsoesassa technology for population
control.

History reveals other ways in which neighbourhatignships can be improved,

including inter-village gatherings to celebrateunat events (e.g. the passage of the
seasons), song-and-dance ‘corroborees.’ feastspmting contests. Knowing others
makes them less threatening, but such social téopies take time to evolve, even under
stable conditions.

166 Le Blanc, S., with Register, K. 2003, 1bid.
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The marauder problem

The marauder problem is somewhat different fronmigighbour problem. Like the
Vikings and Scottish border-peoples of historysthare mobile groups which descend
unexpectedly on sedentary peoples, take what tlaey lay force and then depart the
region. If a village’s grain stocks, including graeserved for planting, are stolen, the
villagers might well starve---or turn to maraudimgmselves. In a post-bottleneck
world, there could be hordes of displaced wandeegtgced to marauding to survive. It
is clear that, above a certain level of successfuiauding, a society organised into small
villages could not survive and people would havestrt to a hunter-gatherer existence.
An alternative would be for villagers to come tdgatfor protection in urban centres.
Historically however, this ‘consolidation’ solutiomas only possible in special situations
where output per field worker could be increasedkedly by setting up large-scale
irrigation projects, as in ancient Mesopotamia.ofher solution, in situations where
modest surpluses could be consistently achieved|dAmewarlordism,i.e. marauders
become protectors in return for a share of eachelsar

It seems plausible that the Reconstructionist m@rgrmmight judge it important to try
passing down technologies which could help aftenmdlages survive marauding. Of
the many suggestions that might be considered hergill note (a) some preparations
that rely on a high degree of cooperation betwesghtouring villages, (b) some
preparations that make a village’s assets leshabée, and (c) some preparations that
increase a village’s capacity to physically resigasion.

Provided they are not too far apart, cooperatitigges could warn each other of the
presence of marauders using long-distance drurgerggs. Homing pigeons are another
possibility. Research on the re-design of suchallong devices could be undertaken
now. Agreements to come to the aid of a villagadattacked are a possibility. Part of
each village’s food reserves could be stored ierotiillages, making it less likely that all
would be stolen in a raid. If they could be depeld, such arrangements might lead, in
time, to a form of local government.

A village’s food reserves and other portable valeslwill be harder to steal if they are
dispersed and hidden and protected with booby-{ir@pse research needed). A few
caches could be poisoned. Food reserves in thedblive animals can be dispersed
too. Hideouts for women and children and, perhayes) can be established away from
the village.

An alternative to evasion, depending on the sizb®imarauding group, is physical
resistance. While Reconstructionists might warltdlp aftermath villagers protect
themselves, transmitting technologies for betteapoary is problematic in that most
defensive weapons can also be used offensivelythardin lies the prospect of arms
races and endless war. Still, as Neolithic villageund, palisades and ditches are (non-
portable) structures which give defenders an adggnt It sounds strange but perhaps the
design of palisades and ditches needs researaningjven that there will be no cannon

to bring them down, stone walls may repay the effbronstructing them.

If marauders are to be confronted, the value obdweds to be recognised. Not only do
they have the senses and the instinct to be Iotiliatural sentries, most dogs of
reasonable size can be trained to become frigtgefearless attackers on command. In
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peaceful times, aftermath villagers will learntlasir forebears did but with some help
from the Reconstructionists perhaps, how usefusdog for hunting, carrying,
protecting livestock and crops and, indeed, foingat

The bully problem

The primate trait of being willing to conform to erging dominance-submission
relationships within the social group has adaptakee in terms of helping to maintain
order without constant fighting and as a technolmgycoordinating group activities such
as hunting, migrating and provisioning. It isattwhich perhaps co-evolved with the
capacity of the young to accept parental authamigpecies where learned behaviour
(culture) had become central to survival. Whiledeim humans, primates all, are
generally willing for their beliefs and behavioorlte guided by legitimate authority, they
are less willing to submit to being frightened ao@rced by bullies. For example,
democracy is a recent social technology which @srits authority from the principle
that each person has equal political power withpoléical unit that has a monopoly on
coercive force.

In a post-bottleneck world, where technologiesciamferring legitimate authority will

have to be rebuilt, there will be space for violeallies to emerge and claim the authority
to make collective decisions on behalf of the comityu Such developments have to be
resisted because thugs generally make bad leadlbes. tend to have poor impulse
control and to be socially irresponsible, impossetfish and self-interested decisions on
the community. It is important that Reconstrudistsattempt to convey this perspective
to bottleneck survivors.

History shows that, once in control, sociopathaxers are difficult to dislodge. They
tend to form a virtual species around themselvesiaking decisions which favour an
elite few (e.g. access to food) and by restricingess to weaponry.

There are various social technologies which, wiiegeg have become customary, help
protect against the rise of coercive self-serveaglers. Thus, in many tribal societies,
collective actions are agreed by reaching a consemsagreed by tribal elders. Or,
rather than a single leader, it might be custonfara duo or triumvirate of leaders to be
selected by consensus (or by lot) and allowedad fer a fixed period. The 'invisible
hand' principle suggests the importance of harngsslf-interest to the pursuit of the
public interest, e.g. leaders who are acclaimdubasg served the public interest well
might be invited to lead for a further period. $hdraditions have been traced back as
far as Mesopotamian city-states ¢.2500 BEE.

It is important that the powers of leaders be ¢irsaribed in clearly defined ways.

While hereditary leadership offers social stabiditytimes of succession, the risks of
getting a mad, bad or incompetent heir make thigrextceptable social technology. The
group must be willing to kill or exile a bad lead#rone who stays too long. Apart from
an understanding of what leaders can decideedjislly important for the powers of
others in the group to be agreed, e.g. who isedipt the weather. In this way, doubts
as to where a particular responsibility lies camideimised. Leadership is an effective

167 Bermant, C., and Weitzman, M., 1979, Ebla’ A Revelation in Archaeology, Times Books,
New York
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social technology in many situations (e.g. simmtifycommunication and negotiation)
and should not be abandoned just because it ifeso @bused.

Now is the time to do more research on the bullypagsonality. Are bullies treating
people as they were once treated? Do leaders reHaudlies inspire more confidence
than others in times of conflict? Perhaps somgtbinuse to aftermath villagers can be
discovered and bequeathed, along with what is dyrkaown.

The identity problem

Many post-bottleneck villages are likely to contathhocassemblages of traumatised
refugees with little sense of history of family,tbe pre-bottleneck world or the human
lineage. Without such knowledge, it is hard foople to acquire a strong sense of
identity, meaning a feeling of belonging to variemities larger than oneself, such as
one’s family, village, region, species or, for sortie biosphere or the universe. Apart
from each individual’s psychic need for identitylJagers with a common or shared sense
of identity will be able to more readily trust, comanicate, collaborate and compromise
with each other. It is obviously important for pb®ttleneck villagers to understand the
value of shared identity and hence for Reconswoddts to develop and transmit
understanding of how shared identity can be fodtexay. through story-telling or simply
through shared experience.

One can imagine that, within a few generationglo# great breakdown,’ people will
have only a hazy idea of the history of the gréagscthat, for them, exist only as ruins to
be mined for useful materials which are no longgng) produced. If, as suggested
above, the survivors can, with the help of the Retmictionists, have access to a
technological history of the species, it might hitlpm understand something of what
worked and what failed for their ancestors, andchenight improve their own choices.
Rationality is a delicate plant and it is import#rdt aftermath villagers do not revert to
‘pre-critical’ thinking.

It would not be possible, even for well-resourcest&structionists, to prepare and
transmit a history of every local area which cdoddome a site for a post-bottleneck
village. What then might they be able to do to hedst-bottleneck people to identify
strongly with their local territories and commueg? Not much probably, but one
possibility would be to encourage localism and camitarian values at the expense of
liberal values amongst today’s rural communiti&se hope here would be that these
values might survive through any future sociabdysnisation.Localism(also called
regionalism, bio-regionalisirs the movement to have more of people’s needsiceom
and social, satisfied within a local area (up &y, $alf a day’s travel) which, politically,
enjoys significant autonomy under the nation-stdtiee bio-regional variant of localism
looks for self-sufficiency for the residents ofiadphysically defined area such as a river
catchment. Authority needs to be set in place favviuture villages to assume
emergency powers should higher levels of governdrsagppear.

A more concrete idea for creating a lasting sefigdace would be to delineate today’s
local government boundaries with permanent mar&edstake the children out to ‘beat
the bounds.” Maps may well become rare, so knowmng territory’s former place name
and shape might be useful when negotiating boueslavith neighbours.
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Humans tend to think in terms of binary divisiorBut aftermath villagers must avoid
identifying their communities by negation, i.e.flogussing on differences between
‘them’ and ‘us.” This way lies prejudice, fear awdten, violence; shared enmity
encourages a form of bonding that is ultimately-defeating.

Identity through negation stands to be problem witommunities as well as between
communities. If and when village societies statbécome more hierarchical, with a
ruling virtual species and a labouring virtual dpscdifferences between virtual species
are more likely to be recognised than commonalitisditionally, ruling virtual-species
have developed a range of social technologiesuppressing the potential for conflict.
These include physical coercion, food rationing tepropagation of religious ideas
which convince the underclasses to accept theinlfie. Such technologies work only
up to a point before revolt emerges. The quegtoReconstructionists is whether they
can help aftermath villagers understand the impogaof minimising differences
between virtual species.

Technology issues

Darker versions of the reference scenario imagiweréd of primitive subsistence
villages where the elaborate manufactures andcryincluding electronic
communications and motorised haulage) and food etsudf today’s urban industrial
civilisation are no longer available. More tharstleven in a world which has been
disorganised for just several generations, itkslyi that many of the skills which might
have helped survivors to improve their qualityitd Will have been lost; along with
physical capital such as buildings, tools, drainsggtems and fences; and those inputs
which are themselves made from the end productarafus long chains of
manufacturing processes (wood screws provide alsiexample).

In a post-bottleneck world it will take time anatkuto reconstruct village communities
which have the material, social, communicative emghitive technologies to survive the
‘normal’ range of threats to be expected from reaturd various fellow humans. This is
because complex technologies have to be builtap Bimpler technologies which are
already established. You can't weave before yauspan, so to speak. The best that
today’s Reconstructionists can hope for is to spgethe rate at which some simple
ideas, recipes and artefacts are ‘discovered’ yelmeck survivors. There is no point in
trying to transmit elaborate technologies througime of rapid technological
simplification..

Even as they learn to master village life, surgveill need to keep devising and
modifying technologies for better dealing with chenrg conditions, if they are not to
become increasingly vulnerable to disturbancesarjpom attempting to transmit
various selected technologies, it might be justgmrtant for any phoenix project to
project and reinforce the optimistic perspectiva tumans have a long unbroken history
of inventing new and improving old technologfé¥.

Equally, and it cannot be known in advance, sumawight benefit from being warned

that most promising new technologies have a labet@back’ or ‘fishhook’ potential if
adopted too enthusiastically, i.e, after a lagqukrthey come to be seen as having caused

168 Childe, G. 1936|1981, Man Makes Himself, Moonraker Press, Bradford-on-Avon, England
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new problems. The outstanding examples are be#dapons, rapid population growth,
and task specialisation leading to privilege. Rysing such ‘technology traps’ may be
insufficient reason for not entering them of coufSe

A technology which reduces inputs (e.g. a betteugh) rather than increases outputs has
several advantages. While saved resources (er§.hears) can be used to increase
output, they may be better used to increase letsueeor to implement public works

such as improved defences; or to improve sociaksioln through group activities such

as festivals. It is particularly important thah& be found for educating the young in
reading and writing, wherever these communicatebnologies have survived.

History suggests that mutually beneficial tradedsmmmonplace between the simplest of
societies. Equally, post-bottleneck communitiesusth probably be seeking technologies
that produce tradeable goods. Apart from its dibenefits, trade can bring new ideas,
an understanding of the outside world and impraedations with neighbouring
communities. It is important however for commuestio avoid becoming too specialised
in the production of a few goods; outlets can diesp and specialisation often leads to
exploitation.

Shouting down the time tunnel

Trying to transmit a message to one’s great graitdien has all the uncertainties of
shouting down a metaphorical ‘time tunnel.” Ons tadecide what to shout about and
how to shout it; and then wonder Will anyone h&aiwill they listen? Will they
understand it? Will they find it useful? Beingme-way tunnel, they can't shout back
and tell you.

The Phoenix strategy can be thought of as havimgrakprongs. One is to invest at once
in the targeted development of new social and natechnologies, which, if they
survive the bottleneck tumult, promise to provefuis® post-bottleneck villagers.
Another is to make contingency plans for ‘mothimaglia small number of ‘heritage’ sites
which incorporate vast amounts of concentratediétion, especially the great libraries
and museums. Remembering the fate of the Ancidmaty of Alexandria and, more
recently, the Baghdad Museum, such entities habe t@cognised as vulnerable to
social unrest. The third prong, as discussed gbovelves collating a body of
contemporary insights and procedural informatioth seeking to actively transmit this
aggregate across a period of massive social disisig#on into the hands of post-
bottleneck peoples. The thinking here paralleldiseriter Isaac Asimov'’s idea for an
Encyclopedia Galacticgaa vast compilation of the knowledge of a dyintpghc empire;

or Douglas AdamsHitchhiker’s Guide to the Galaxy® Here, we consider some
obstacles to and ideas for successfully transrgitiim Earth-boun@ollation.

169 Heidegger, M.,1977, The Question Concerning Technology and Other Essays, (Trans. W.
Lovitt), Harper and Row, New York

170Asimov, 1., 1995,1996, The Foundation Saga (Foundation, Foundation and Empire,
Second Foundation), Paperback editions, Harper and Collins, London; Adams, D., 1980,
Hitchhiker’s Guide to the Galaxy, Harmony Books, New York
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One obvious principle is to use a diversity andurethncy of channels to deliver a
Collation to as many post-bottleneck village-sasgossible. Electronic media will be
unsuitable because they do not store well and bedoaneasingly difficult to read. More
to the point, the infrastructure which carries tddnternet (computers, servers,
transmitters, fibres etc) will have been irrepayatdgraded by then. And, like other
machinery from the industrial age, electricity geters will have disappeared.

What about books? Yes, the Reconstructionistsiafioh can be thought of as a library
of a few hundred books, manuals etc.. But theyhaiVe to be special books in a number
of ways. Physically, they will need to be printsdsome durable, fire-resistant medium
(aluminium?), cheap enough to produce millionsayies in a number of contemporary
languages. Their fonts will have to be large tovalreading by candlelight. In terms of
presentation, they will presumably have to be emiths though for people with a basic
800-word vocabulary and, like children’s books,hatitts of pictures. Also, they will

have to be written as though for people with limit®gnitive skills with respect to
causation, induction, deduction, abduction ettis Wwell-known that, without practice,
people tend to forget how to read and it probalbly to be assumed that people who have
been living precariously for several generation also have trouble in making longer-
term plans and investments when conditions begstaibilise.

Much imagination will be needed to create a distidn system which has any prospect
of reliably delivering Collations to post-bottlekedllages. How can each village’s
‘library’ be protected from pilfering and wantonstieiction until it needs to be accessed?
Most suggestions have obvious flaws. One possilidito house each village’s collation
in one or several shipping containers. But shthide be padlocked or left open to be
protected by local people? Would their contetatractive to marauders? Should
each village have multiple libraries? And so &erhaps each shipping container’s walls
could be covered, inside and out, with useful peen&inscriptions---like Hammurabi’'s
Bronze Age steles which proclaimed the law fot@kee.

Religious communities played an important role éeing the flame of learning alive
through the European dark ages. Might it be pés$dr the Phoenix project to
encourage the establishment of ongoing commurofisscular religious committed to,
first, surviving the bottleneck and, second, masteand passing on the Collation? For
example, a contemporary group whose members mayte perspectives and ideals
suited to such a mission is tHeep ecologynovement founded by Arne Na€$s.

Simple agrarian societies are ecologically benignd, continuing this high speculation,
as more-orderly agrarian societies emerge fronbthigeneck, these ‘secular monks’
could leave their ‘monasteries’ and become wandestary-tellers and teachers, helping
villages make use of their inherited CollationsusR;a change...

DISCUSSION

This chapter is organised around a dystopic soenamiimagined future in which, world-
wide, quality of life drops sharply over the neswfdecades. It is imagined that people
in both rich and poor countries will find it muchrder to satisfy their everyday needs

1711 Fox, W., 1990,. Toward a Transpersonal Ecology’ Developing New Foundations for
FEnvironmentalism, Shambhala Publications, Boston and London
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and to remain functional. Unthinkably large nungbeill die from hunger, violence and
disease. At the collective scale, nation-statekss@ the abandonment of cities, the
disappearance of many industries and institutioscairrency failures. It is argued that
such a scenario is a plausible expression of oggnimulative change in four highly-
consequential attributes of the human ecosystesople numbers, stocks of natural
resources, mean global temperature and the inteectedness of the global economy-
society. History certainly shows that human saesethange markedly when any of
these ‘control parameters’ shift. In a situatidralze described as Overshoot, these four
attributes have now, putatively, reached thresheudls, i.e. levels beyond which the
global human ecosystem can only continue to funa®a complex dynamic system if it
spontaneously self-reorganises into a structurehvisi better-adapted to such changes.

It is because self-reorganisation is inherentlyradgtable in speed, scope, onset etc. that
different people can, quite legitimately, have guifferent beliefs as to whether and how
this reference scenario might eventuate; and eiffieideas as to what the collective’s
response to such a scenario should be. The cleamgests that, among those concerned
for the well-being of the world’s people, it wilelcommon to find tough-minded wait-
and-see Empiricists and tender-minded IntervergisniThe former have open minds as
to when and how disorganisation might set in andagbut are willing to see generous
aid offered to victim groups when it is clear tHair quality of life is in decline.

However, they have little interest or confidencefforts to manage the juggernaut
processes (resource depletion, population grovidkadjwarming , economic
complexification) lying behind declining quality bfe.

Those | have labelled as (immediate) Interventisrase convinced that, if nothing is
done, the reference scenario could very well canmass. But, they also believe that, if
there is strong coordinated intervention to marthgguggernaut processes and their
impacts, average quality of life will decline bldwly for a generation or so and then
begin to monotonically improve again. This is ithea that a ‘soft landing’ is possible.

As presented here, what is remarkable about thecadls of both these widespread
attitudes, perhaps more so for the Interventiofustause they are more ambitious, is
that they are not overawed by either the virtugesgs problem or the what-to-do
problem In claiming to have a realistic perceptdithe reference scenario and how to
best respond to it, they are equally claiming teeha reasonable working knowledge of
the what-to-do options that are available, and tt@msequences, and whether or not the
cooperation and coordination each option calls&or be achieved.

In addition to the Interventionist (Stop fiddlingihd reactive (Don’t panic) responses, the
chapter elaborates a third possible response tetbence scenario, that of the
Reconstructionist or Preparationist. Here, thécedgberception is that the reference
scenario, or something much more dystopic, is not ttally plausible but largely
unstoppable. That is, humanity needs to look ¢dftiture on the assumption that quality
of life will plunge everywhere in coming decadest most painfully in communities
where there is a high dependence on trade andratehoanufactures, where population
density is high and where food and water are ajrsadrce and further threatened by
global warming. The Reconstructionists take tlei/mlark age as given and ask what
can be done now to help the village-scale comnesittiat will be forming and looking
for security and improved quality of life once tinecertainties of the bottleneck period
begin to pass, in two or three generations perhaps.
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As with the Interventionist and reactive responbes probably more so, the ineluctable
realities of the virtual-species problem and thetato-do problem would make it very
difficult for contemporary Reconstructionists t@ate and successfully deliver a
genuinely useful inheritance to our post-bottlenge&cendants. That is, an inheritance
that would help them rebuild a technology mix andldy of life more quickly, while
avoiding the reintroduction of some of the maladegptechnologies (behaviours) which
have helped to create the present Overshoot Crisis.

Unfortunately, these descendants have no voicediayts world and diverting resources
towards their interests in the face of today’s gireg needs seems unlikely. Nor can one
imagine players in today’s political processes atingj that their working hypothesis is
to assume an approaching massive breakdown oflglobeety. So, as with the
Interventionist and reactive strategies for respumtb Overshoot, the Reconstructionist
strategy is unlikely to evoke significant colle@iaction.

A broader context

There are various other responses to the refessmg®rio which this chapter could have
explored, but those selected, based on differeénaespondent temperament, probably
constitute a reasonable sample of the possibilitissponses based on ideology,
superstition or despairing nihilism were deemedkehy to lead to productive discussion.
Similarly, | could have selected a different refere scenario, one in which the speed and
extent of breakdown in global society were eitheraror less than in the chosen
scenario; or a scenario squeezed out of a diffexetf global-scale processes.
Notwithstanding these matters of judgement, | t@ie my perception of the attitudes

and responses outlined as a starting point foirmuthe Overshoot Crisis, and people’s
conceivable responses to it, into a broader context

Despite the observably relentless progression ghemous juggernaut processes which
appear to be more threatening than opportune, Waetiknow if we are now entering
the early stages of a major discontinuity in thgamisation of planetary society until
hindsight allows us to look back at what happepadicularly what happened to average
quality of daily life. If the Reconstructionistseamaking the right assumption, we have
indeed entered a major discontinuity, but if theetmentionists’ working assumptions are
right, the global community will be willing and a&blo avert what would otherwise be
such a breakdown. This would leave the global camity free to resume building a
more sustainable civilisation. So, unlike the touginded Empiricists, both groups of
tender-minded Rationalists---the Interventionistd the Reconstructionists---agree that
global society is approaching a major discontinuitey disagree as to whether it can be
averted.

Some Reconstructionists might further disagre® aghether it ‘should’ be averted, i.e.
should a potential discontinuity, a sharp dropvarage quality of life, be converted into
a gentler transition to a post-overshoot world? ghould global society be allowed to go
through a harsh bottleneck so that it can be ‘lagain’? If there really were such a
choice, history suggests that permitting or enagingaa sharp drop in quality of life in
order to allow a more progressive replacemenesptd emerge would probably be a
mistake. How many successful revolutions againptegsion have quickly led to
renewed oppression? In similar vein, starting ftbmassumption that average quality of
life is about to drop sharply, it is a knowledgeh@dtory which suggests that
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Reconstructionists’ attempts to help post-bottl&naktagers should focus, not on
improving their quality of lifeper se but on helping them to avoid being brought down
by various perennial threats. More generally, it might be observed that thé negedy

of the Overshoot Crisis is that it has alreadynexded the global community’s attention
from the challenge to steadily improve qualityié For most people to the challenge of
preventing a decline in average quality of lifenfrpresent levels. People of goodwill are
asking How much will quality of life decline in caong decades? They are not asking
How much will it improve?

If the Reconstructionists’ working hypothesis isreot, global society is entering a
period of reorganisation at least as far-reachsgrey associated with past periods of
major reorganisation, including the flowering arghsformation and disappearance of
civilisations; and reorganisations triggered bynelte shifts, natural disasters, shifts in
cognition-consciousness and the emergence of tianafive social and material
technologies.

One thing that stands to be different about thiS&@ntury bifurcation, if it is that, is that

it could engulf the whole world, something not exgeced since the global warming at
the end of the last ice age. Even the few remhanter-gatherer societies could be
disrupted by climate change. More than this, afpant the sheer numbers standing to be
killed or dispossessed, disruption could spreayg gaickly because of the density of
high-energy links---economic, political, social v@wnmental---between large and small
regions everywhere. When disruptions are beirtgated in a variety of ways (through
resource depletion, global warming, populationtshéconomic linkages...) at multiple
locations across the Ecumene, the potential ferir@nd intra-regional domino effects,
positive feedbacks, chain reactions, oscillatialestructuring etc is enormous. Breaking
a link which carries or just directs a large endigw (e.g. capital movements) is
necessarily highly disruptive. Historically, en@ogus and localised disruptions were
more-or-less self-limiting in a world of loosely+orected regions; and, when it was a
single region being disrupted, surrounding regitwesng still organised, could both
absorb the spill-over effects and initiate reorgation in the disorganised region, e.g. the
absorption of failed states by neighbouring states.

While the current Overshoot Crisis has the potétdiade the most disruptive of the
Holocene epoch, it pales beside various geophygeralirbations which scientists have
flagged as plausible possibilities for the distamtre. As discussed in my earlier book,
Deep Futuresthese include ‘permanent total drought’ in abou@ 8@llion years, large
differences between daytime and night-time tempeeat and the extinction of the Sun

in 5-7 billion years:"® Also, once we begin thinking about futures meagun millions
rather than thousands of years, scenarios sucbl@asmc winters, asteroid strikes and the
loss of the geomagnetic field become plausibleipdis®es as distinct from possibilities
which would be highly surprising if they occurredthe next millennium. Based on
today’s knowledge, it is reasonable to assumethtigahuman species, or a successor

172 Fagan, B., 2008, The Great Warming: Climate Change and the Rise and Fall of

Civilisations, Bloomsbury, New York. Fagan argues that village-based societies have,
historically, been particularly resilient in face of climate and other change.

173 Cocks, D., 2003, Deep Futures: Our Prospects for Survival, University of New South
Wales Press and McGill University Press, Sydney, Ch 2
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species, will be snuffed out at some time in thiddture. We emerged from stardust and
to stardust we will return.

In the nearer future, much less threateningly sghecies will have the next ice age to
contend with. Already, at 11-12 thousand yearss @ithe longest inter-glacial on
record and, well within a thousand years, we ctalghlunged into a world where, as in
the last ice age, average temperatures are updedr@es lower than today (although the
cooling process commonly has taken much longetyredt greenhouse warming could
delay this somewhat but is unlikely to permanestéll a process which, driven by
recurring variations in the Earth’s orbit, axidl &nd axial wobble, has operated with a
basic regularity for a million years. In that copeerhaps C@deficient, dry, windy
world, wheat could not be produced in the breaditasét Ukraine, North America and
Australia and, in the absence of revolutionary medbgy, world population would
plummet, if it had not plummeted already.

What will happen? Piecemeal intervention?

What has been achieved by having this discussimamdus ways of reacting to a
dystopic reference scenario? Are we any closentaving what will happen to global
society over coming decades? The answer of cagifde, once it is accepted that the
global human ecosystem is a dissipative systemhits been continually reorganising
because it has been capturing energy at an inogeese.

On the other hand, the possibilities as to whatdchappen or could not happen to the
human ecosystem may be a little clearer, albeiewa&hging. Thus, it seems highly
unlikely that any of the three strategies suggestéde Chapter on behalf of Empiricists,
Interventionists and Reconstructionists respectivell be adopted explicitly by the

global community. Reconstructionists in particwearuld find it difficult to convince
people or governments, who would prefer to notdoevimced, that the reference scenario
is plausible to the point where the species shaalds though it will eventuate.
Empiricists run the risk of being labelled ‘juseptics’ and of being captured by those
beneficiaries of thetatus quavho are advocating inaction in their own shortyter
interests.

On the other hand, the Interventionist positiolikisly to get a degree of support, but in a
piecemeal way. That is, as early warning signsaoficular threats to the quality of
ordinary lives or the functionality of states appi@gparticular locations, those who stand
to be directly affected will promote precautionafforts to adapt to or mitigate the
foreseen harm. Indeed, in a variety of ways theliieady happening, from Kyoto to
kerbside recycling, from bank bailouts to wind farmA few of these efforts stand to be
global in scope, tackling the juggernauts diredilyt most will be national, regional,

local or personal. Poor and failing states thoughnet have the resources to protect
themselves or their people from Overshoot’s shoakd;international assistance to such
will be very limited.

But, to repeat, there is little chance of the Ohedd Crisis being tackled
comprehensively. The understanding being suggéstedis that the evolution of the
global human ecosystem, and quality of life for gpyaare already being noticeably
influenced by a process pfecemeal interventiom an Overshoot Crisis of unpredictable
speed, size and duration. Like other wicked pmollehe Overshoot Crisis is exhibiting
itself as an evolving set of interlocking issuemstraints, objectives and options for
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action. Ends and means overlap. There are nmulpgtagonists, what | call virtual-
species, and each will takes various actions, eaathich is intended to be a partial
solution, i.e. to improve some aspect of the tptablem.

Faced with this emerging unscripted interplay betwgiggernaut trends and a patchwork
of virtual-species’ responses, it takes littlert@gine that a sharp shift in community
psychology, in social character, is also takingglaRecall that a society’s social
character is to be seen in the way that most peof@ealise, accept and support the
cultural values implicit in their society’s socehd economic systems. But history shows
that a society’s social character can change quikte it is commonly perceived that its
socio-economic system is failing to deliver theues it professes to foster. As and if a
failing socio-economic system is replaced by orenses more progressive, so will the
previous social character be replaced by one stippaf the incoming system. More
precisely, this replacement process is coevolutiomathat change in either social
character or the production system will inducelfartchange in the other; social
character both leads and follows social change.ekample, Leonard Woolf'After the
Delugeis largely concerned with the way in which, in 188ntury Europe, the idea and
practice of democracy replaced an unquestionedptartee of inherited privilege as
society’s main organising principté?

So, what is happening to social character nowoingkample, First World countries? As
noted in Chapter 4, support for the values andsideaerpinning economism and neo-
liberalism has declined in recent decades, inwitk the perception that the economic
growth which these beliefs have fostered (at least very recently) has failed to deliver
increased prosperity and improved quality of |lde the many. While there is no clearly
apparent successor to either the capitalist systggroduction-consumption, or a
besieged belief system, there is evidence of beitngdreformed.” Thus, the recent
spread of ‘interventionist’ social-democrat goveemts in place of neo-liberal
governments is best interpreted as a movementdomegbut not to replace, the dominant
paradigm. That is, markets are still being seeth@gore institutions of Western post-
modern societies, but intervention to ‘correct’ elidacknowledged widespread market
failures has acquired a renewed legitimacy.

Much of that legitimacy rests on a growing appravehin the community for the idea
thatSustainable Developmeistan appropriate umbrella goal for the global hmma
ecosystem. Building on the environmental moventeattbegan in the 1960s,
Sustainable Development is based on the propoghatrall of the global community’s
projects can and should meet standards for envieotahprotection, economic
development and social development in a balancad' (vaJust as neo-liberalism was
waiting in the wings to replace Keynesianism in18&0s, Sustainable Development, has
been emerging as the strongest aspirant to dispkmdiberalism as the centrepiece of
First World social character. Support for thisigiion seems to have accelerated as the
growing perception that there is a global Oversl@rigis has joined the perception that
economic growth alone did not and cannot providg fojuality of life to most people. In
this vein,piecemeal interventigmwith its emphasis on managed markets as primary

174 Woolf, L., 1931/1937, After the Deluge: A Study of Community Psychology, Pelican,
London
175 http://en.wikipedia.org/wiki/Sustainable development (Accessed 26 Dec 2010)
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instruments for responding to Overshoot, presents@nonical example of the
Sustainable Development philosophy.

Presumably, if this chapter’s dystopic referen@nacio does eventuate in the next few
decades, the ideas of both Sustainable Developameiheo-liberalism as grand
organising principles will be consigned to the dusof history. People will then
develop a new social character consonant withdheety in which they find themselves.
For example, if urban societies revert to a vilkagsed mode of social organisation, one
would be unsurprised by the emergence of a soeaicter which is appreciative of the
qualities of village life and supportive of custamapproaches to addressing the
problems that villages encounter.

Very sobering

To conclude, this is a very sobering chapters #uggesting that, while humans will
survive their human-made Overshoot Crisis, it wo'tbecause of any remarkable
capacity to adapt to major challenges in ways phattect quality of life. It will be
because the Crisis wasn'’t as bad as some thougiiild have been; that is, the species
was not really tested. Or, it will be that whiteetcrisis was highly destructive of quality
of life for most, it spat out a post-bottleneck plation which, scattered and much-
reduced, retained sufficient social and materigtht®logies to begin rebuilding stable
sedentary societies and improving quality of lifee again. Nor does our analysis find
any global collective will to consciously avert emtled crises or to work systematically
towards achieving high quality of life for most pé®into the indefinite future.

So, it has to be asked, if this is cultural evauatin action, is it a dead-end process,
limping along until a somewhat bigger shock thamghesent crisis drives the species to
extinction? For example, global warming during Begmian extinction produced
sufficient deadly hydrogen sulphide gas to kill 5& percent of animal families and 95
percent of marine species (see Ch 1). This isgeliaunrecognised possibility which
could happen again if, in a warmer world, the oséhnat-transferring currents stop
flowing.

For those hoping for a human ecosystem where petsf long-term quality survival
will continue to improve---call theracohumanists-a better question to ask is whether
cultural evolution is producing social, cognitie®@mmunicative and material
technologies which, other things being equal, ctwlig this to happen. Growing out of
our ever-increasing ability to conceptualise theldvand its component processes, we
have acquired a profusion of technologies, butcummpanying sense that prospects for
quality survival are thereby improving. It maytbat the quality survival challenge is
not recognised as important by enough people, actigely opposed by too many people
or is just too difficult under present levels ofodtive skills and scientific knowledge,
e.g. our limited understanding of the dynamicsarfiplex systems; our inability to solve
the virtual-species problem.

If ecohumanists want to convince enough peoplestie\e in and progress the idea that
quality survival is humanity’s primary goal, thegue to explain the world vieggystem
of fundamental beliefs that describe reality) whiehds them towards this conclusion.
Thus, a great many ecohumanists view the worlduydneg the human ecosystem, in
terms of evolutionary and ecological processes fiamacthis to be a philosophy, a model
of reality, which gives them a sense of meaning &¢hbeen happening? Why are
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things the way they are and not otherwise?) arehaesof belonging---to the universe,
the world and the human family. It is the feelthgt all people, present and future, are
one’s ‘brothers and sisters’ or, at least, one&ghbours’, that brings one to regard
quality survival as a matter of ultimate importandeis the ecohumanists’ belief that
feelings of loyalty to and solidarity with the ‘&t blur differences between virtual
species, foster cooperation and refocus the séarciew technologies away from market
reform and towards quality survival.

When a dominant world view emerges in a sociepyavides a set of constraints and
guidelines within which both social character aadial organisation will evolve, i.e.

both will continue to change, but in ways which ao¢ incompatible with the

overarching world view. Because world views ugualange much more slowly than
social character and social organisation (centweesus decades often), they are, most of
the time, like anediumwithin which social evolution takes place. Foaewle, if a

world view inclines people to believe that humarifs been just plain lucky to have
survived both large natural events and its ownstelshort-sighted behaviours, it may
also incline them to behave with more concern thers and more presbyopically.

Unlike traditional societies where a single worldw is the norm, today’s connected
world is one where alternative world views---retigs, scientific, political, economic,
psychological etc.---struggle for dominance, in $kase of each having their advocates,
e.g. Samuel Huntington’s ‘clash of civilisation€P Snow’s ‘two cultures-® What

then is the likelihood that a world view based astintific understanding of reality will
become widespread? And what are the shortcomingsabf a perspective? Perhaps
there are other world views which also constitigkdf-environments where quality
survival is readily seen as being humanity’s panamgoal? Where concern for people
everywhere is highly valued?

This then is where our project to understand tingires, nature and possible trajectory of
the Global Overshoot Crisis has finally led us, abmto a conclusion that the ways in
which societies respond to existential opportusiiad problems are broadly determined
(macro-determined) by the world view or views ptenain the society. This is a simple
but important conclusion which, in the next andfiohapter, to round out our analysis,
we will look at in more depth. In particular, Illvargue thaEcohumanismunderstood

as a science-based and humanistic world view culosoiphy, offers both a shareable
understanding of the long trajectory of the humemsgstem and a variety of practical
starting points for thinking about how to bettermage both the proximate and root
causes of Global Overshoot.

176 Snow, C.P., 1959|1965, The Two Cultures and a Second Look, Cambridge University

Press, New York; Huntington, S.P., 1996, The Clash of Civilizations and the Remaking of
World Order, Simon and Schuster, New York
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CHAPTER 6 ECOHUMANISM AND OTHER STORIES

Stories then and now
This book is a story
Descriptive and prescriptive philosophies
Ecohumanism: My suggested response to global overshoot
Benefits of being Eco-aware
Practical Ecohumanism
Some guidelines for coping with complexity
Some guidelines for coping with the virtual-species problem
But is it emotionally satisfying?
Tamam shud: It is finished

STORIES THEN AND NOW

Storytelling is an old, old social technology witte potential to serve a variety of
practical functions, especially in oral culturd=or present purposes, the term stories is a
catchall for the myths, sagas, epics, fables, léggplays, folktales, folk histories etc
which members of religious, ethnic, political, @iketc. virtual species tell and retell
amongst themselves. Apart from being entertainnadioiving the listener to enjoy
vicarious adventures etc., stories are a poweoitibfisation and communicative
technology which can mould and reinforce custoreebsystems, values and attitudes.
For example, the Mabharata is a Hindu epic, the tale of a great dynashjch supports

a discussion of human goals (purpose, pleasurg,ashat liberation) in terms of
traditional understandings of the relationshiphe individual to society and the world,
including the nature of the ‘Self’ and the consetia nature of one’s actiortd’ For
individuals, stories can help satisfy their evezgant needs for a sense of meaning (e.g.
understanding the past) and a sense of belongiagitoup with a strong identity. In
particular, religious stories, to the extent thegytare believed, can console the grieving
individual, allay her fear of death and help hedwae great misfortune.

Cultural anthropologist Joseph Campbell is wellskndor his thesis that many
important myths from around the world, some hawuagived for thousands of years,
share, in part or whole, a common structure. Hhersarizes same in a well-known quote
from the Introduction tdhe Hero with a Thousand Facéa:hero ventures forth from

the world of common day into a region of superreltwonder: fabulous forces are there
encountered and a decisive victory is won: the lsernes back from this mysterious
adventure with the power to bestow boons on hieiean®’® Examples include
Moses, Jesus, Mohammed, Buddha and Odysseus.

177 http://en.wikipedia.org/wiki/Mah%C4%81bh%C4%81rata (Accessed 20 July 2009)
178 Campbell, J., 1968, The Hero with a Thousand Faces, Princeton University Press,
Princeton
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Another helpful perspective on how stories arewlgsfthat of Karl Kroeber in his book
Native American Storytelling®® ‘Storytelling was a recognised way of ‘debating’
solutions to practical personal, social and pdalt@ontemporary problems’ (p.2). Some
stories were told for amusement and relaxatiominsgt were active applications of
historical tribal experience to specific currerguss, individual and communal. Among
others, the anthropologist Claude Lévi-Straussr@éesgnised that myths invariably
introduce conflicting ideas about how the world kgor should work and then show
how ‘thesis’ and ‘anti-thesis’ can be synthesisedeoonciled'®® Thus, taking this book
as an example, could my three different ways oftreg to an overshoot scenario be
reconciled or synthesised?

Stories abound in contemporary society too. Sauejvors from the distant past, are
still important for specific communities, partictliathose stories which have survived as
sacred religious texts. Because the stories sethexts cannot evolve, they can only
remain relevant to contemporary communities by dpemntinually re-interpreted.
Alternatively, communities that believe in sucleattattempt to hold on to the culture
and social organisation which existed when theiras were young.

The bulk of ‘new’ stories are fictitious; they irlve imaginary characters working
through a plot-line of relationships and events are widely available through the
media of film, television, radio, theatre and pritost fiction is created for
entertainment but, when vividly presented, it exgsoseople to experiences they can
learn from and ideas they can use to expand tiirlehavioural options, e.g. by
challenging or confirming conventional wisdomspgrproviding memes and role
models.

Newspapers and electronic news media present thie puith large numbers of ‘non-
fiction’ stories every day. These provide peopithwa selective sense of what is
happening and mould public opinion, sociality andial character as people exchange
their responses to these widely shared experieMdede a majority of news stories are
transient, many present as chapters in ongoin@tnaes; the state of the economy and
progress in sporting competitions are examples. here

As discussed earlier, we live in a world where pigandists from one virtual species
routinely distort non-fiction stories in order terguade (cf. convince) other virtual
species to come to beliefs and values which cgvadVantage the propagandists.
Governments which deliberately ‘revise’ history yide many examples---Stalin’s and
now Putin’s Russia; Hitler's Germany; Japan’s ss@dt version of its atrocities in the
Second World War Such rewritten histories findpsggats and excuses for past failures
or inspire populations to believe their forebeaesengreat, creators of glories and
triumphs, and never ignoble.

There may be circumstances in which the deliberateiption of history can be justified-
--to motivate a shattered people perhaps---butlpesti react angrily and become
indelibly suspicious when they eventually concltiiey have been deceived. Or, if they
continue to be deluded, they may well adopt dangdyainrealistic goals. A

179 Kroeber, K., 2004, Native American Storytelling: A Reader of Myths and Legends,
Blackwell, Oxford
180 Lévi-Strauss, C., 1966, The Savage Mind, Weidenfeld and Nicolson, London
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complication here is that corruption is not alwayslack and white matter. Even honest
history has to be periodically rewritten to matamemporary understandings and to
incorporate new data. With the best of intentidnstorians may not be fully aware of
their own world views, their unrecognised prejudie@d assumptions; unconscious
racism provides a good example. Or, quite genyjrileéy may not regard their
prejudices as prejudices.

And then there are ‘true’ stories, told by peopleowvant to create meaning and
understanding by linking available pieces of infatimn together in a plausible, coherent
way. Amongst others, scientists or, more generadifiolars, aspire to tell (provisionally)
true stories; plate tectonics and evolution throngtural selection are powerful
examples.

THIS BOOK IS A STORY

This book is a story of course, albeit not one waitiero in Campbell’s sense. lItis a
‘rock-hopping’ story of how evolutionary and ecoica) processes have led, step by
plausible step, from the early universe to a Gl@atrshoot Crisis which now threatens
to massively reduce humans’ average quality of I this point theStory of Global
Overshootto give it a name, moves to discussing just howataning the Crisis is
perceived to be by people of different temperamdra® world society might respond
and what might actually happen to quality of lilérecognises that some see no Crisis,
that some see a Crisis that can and will be aveated some a Crisis that will
unstoppably turn into a disastrous bottleneck tonanity. My tentative conclusion is
that reductions in quality of life over coming ddea, whether they are to be large or
small, are already determined and unlikely to ket altered by human intervention.

Why am | telling such an uninspiring story? Itesff no solution to the Overshoot Crisis,
no vision of steady improvement in average quadalitife for the world’s people.
Notwithstanding, the story is offered as a usefgponse to perceptions of an Overshoot
Crisis. This chapter recapitulates and reviews ¢lzaim.

Descriptive and prescriptive philosophies

Is it too grand to call my story a philosophy?itlanything more than a ‘philosophy’ in
the everyday sense of that woltd?Its starting point is certainly an acceptancéhef
central idea of process philosophy, the assertiahreality is best understood by seeing
it as a process of continuous change driven bgploataneous dissipation of energy
gradients set up when the universe began. Isisrg which might equally have been
calledNothing is at resta linked chain of questions and answers about hwiwndny
things have been changing; and what might haveechiiiem to change otherwise. Each
step in the evolutionary chain sees the creatianrobre-or-less stable ‘platform,’
composed of material and energy flows divertedobtlhose already in existence. Each
new platform then functions as an environment inctvhfor the first time, certain
conditions necessary for the emergence and persestd the next link (platform) in the
evolutionary chain (hierarchy) are satisfied. filatforms all the way up! This

181 Wilson, J., 1966, Thinking with Concepts, Cambridge University Press, Cambridge, Ch.3
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perspective is descriptivephilosophyin the sense that it is a quite general approach t
understanding the Crisis---its origins, its presgrdracter and its possible future.

It is also quite abstract. For the story to hawergday meaning, it has to be told in terms
of a mutually compatible (coherent) set of conceptgorld viewor belief systerwhich
allows successive platforms to be described ingefitheir own peculiarities. Thus,
separate vocabularies are needed to describe aedsteind evolutionary change in, for
example, the radiation era, the chemical era, iledical era and the cultural era. This
book is based on, and intended to demonstrat@atugalistic belief that, in general, the
set of concepts provided by contemporary scienddl@humanities is a sufficient world
view to allow the story of the Overshoot Crisiddeveloped in a way that is both
plausible and consistent with a core philosophyraferstanding reality as a process of
continuous change.

As told here, the story of the Overshoot Crisial$® an exercise imoral philosophy*?

Thus, it prescriptively (normatively) proposes thaglity survival,the achievement of
high quality of life for most people into the indefe future, be treated as global
society’s overarching goal. From this moral stamndf the Overshoot Crisis is only a
crisis because it carries a threat to averagetgualiife. It is only by embracing some
such goal that alternative what-to-do proposalsbeaoompared for expected
effectiveness; or, likewise, that one can compaeesikpected impact of alternative Crisis
trajectories. How do you know which bus to catchaifl don’t know where you are

going!

Despite its fuzziness, | find the humanist goatjadlity survival, perhaps more easily
recognisable alsumanitarianismor cosmopolitanismi® a more fundamental anchor
point for thinking about the impact and managenaémihe Overshoot Crisis than more
conventional but instrumental alternatives sucbasmomic growth, sustainable
development, security or religious conformity;stall too easy to confuse ends and
means. Notwithstanding my own conviction, thera lwoader injunction here---global
society must recognise that goals are chosengnetaled, and that they must never be
closed to debate and revision. They are certaatynaturalistic in the sense of somehow
being consequences of what is materially true. riAfjpem the adaptive value of this
directive, humanity’s image of itself needs to ud# the perception of being a species
which, in an ever-changing world, is willing andelo keep questioning fundamental
beliefs. For example, as noted earlier, it miglitice to judge a person’s quality of life in
terms of their success in satisfying Maslow’s hieing of physiological and
psychological need® or it might be time to (say) rethink his concepself-
actualisation.

182 Williams, B., 2006, Philosophy as a Humanistic Discipline, (A.W. Moore Ed.) Princeton
UP, Princeton, Ch. 8

183 http!//plato.stanford.edu/entries/cosmopolitanism, Stanford Encyclopedia of Philosophy,
(Accessed 26 Dec 2010)

184 Maslow, A., 1968, Toward a Psychology of Being, Van Nostrand, New York
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ECOHUMANISM : MY SUGGESTED RESPONSE TO GLOBAL OVERSHOOT

| have been advancing the idea that even if globatshoot were about to become
widely recognised as a massive threat to averaghtyjof life, world society would not
have the social and cognitive technologies or tioegss knowledge to address this threat
in a rational comprehensive manner. For a humahistbest that could be hoped for
would be a piecemeal response in which each vigp@ties, while acting primarily to
protect its own quality of life, shows a degreeoicern for the wellbeing of other

virtual species.

But, beyond such a ‘hope,” how might an individgahup, nation state, or other virtual
species wanting to proactively improve global stytsecapacity to respond to the global
problematique think and act? The suggestion | wanbnsider here is that such
protagonists might choose to develop, promote asifar as possible, within their sphere
of influence, be guided by an ecohumanist philogaphif you prefer, belief system.
Humanism is a philosophy which puts human progaé#s centre, anBEcohumanisnis

a humanism which imformed by an extended awareness of ecospheresses-€all it
Ecawareness-icluding both ecological and evolutionary processe

For example, in the spirit of Ecohumanism, | hamed it illuminating and a useful
organising framework to view human history and lpistery as a pageant organised
around the core ecological idea of a successiam@fdependent (pseudo) species-
populations and the core (cultural) evolutionasaaf selective retention (by virtual
species ) of (technological) variation. More gatflgr Ecawareness is a large idea, a
world view, within which the universe’s biologicahd pre-biological eras can be
understood equally as well as its cultural era, teogphic webs in biology are ‘analogues’
of economic systems in the cultural era.

Benefits of being Eco-aware

Whether an ecohumanist’s focus and sphere of inf@evithin the human ecosystem is
local or global, he or she will try to understankdatis happening in hir system of interest

by, typically:

Identifying the main virtual species involved armhheach is changing in terms of
numbers, roles, material and energy use and atiquisiood supplies, technology mix,
belief systems, quality of life. The task here mmagjude the documentation of emerging
and declining virtual species.

Identifying the main ecological interactions betwegtual species (their niches),
including, as well as conflictual relations, coadere relations such as trade flows, joint
institutions, and knowledge transfers.

Identifying processes in the focal system’s paptaiforms, both the social and bio-
physical environments, which are affecting and deifiected by virtual species
activities, e.g. the anthropogenic hole in the @zlayer. This will include identifying
interactions between these processes, and thregtpromising trends within them.

Identifying emerging and evolving technologies--temngl, social, cognitive,
communicative---and their role in niche constructio
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The example to hand is that this book’s much-aledidstory of the long slow rise of
global overshoot has been written with the helpiwifilar background guidelines. It is
not being suggested that being eco-aware in thysautomatically identifies the what-to-
do behaviours that will best promote quality suaviNor does it produce a canonical
understanding of what is happening. What it ddés @& an initial frame of reference
and a common language (virtual species, platfosmaal technologies etc.) which
members of a virtual species can use for debatima-#0-do/ how-to-intervene proposals
and for moving towards a shared understanding at v¢hhappening. More generally,
having a heightened (eco) awareness of any congyem’s components stands to
improve one’sntuitive capacity---all that one normally has---to make tsoado choices
in relation to that systery®

Identifying meta-problems

Especially when it extends back into the distarst pgystematic Ecawareness can trigger
and crystallise alternative perceptions of todg@yblems and opportunities. Thus, when
writing the present history, it became apparernit tti@ meta-problems of managing
complexity and achieving cooperation and coordormatiave frequently blocked
opportunities to improve quality of life or, wordggve reduced quality of life for sizeable
numbers of people.

It can be suggested that, in the face of Globalr€haot, it is at least as important to find
technologies for addressing these and other metalgms---such as technological
biteback, short-termism, parasitism, temporal mgppervasive deception, sequacity,
etc.---as it is to manage tpeoximate causesf the Crisis (over-connection, over-
depletion, overheating, overpopulation) and prefarés consequences (depopulation,
deurbanisation, deindustrialisation, decouplingideed, it qualifies as a conceptual
advance to perceive that a handful of meta-problerasheroot cause®f the Global
Overshoot Crisis. Presently we will consider wiméght be done to overcome several of
these.

Identifying issues which need to be widely debated

If Ecohumanists want their cosmopolitan philosophg naturalistic world view to
become more widely accepted as a valuable reséuroeanaging global society, and
they do, they have to be willing to constantlyarate, refine, question, debate and
defend their views. Capitalist economics (moreggalty, economismic thinking) and, to
a lesser extent, organised religion and nationadisgrthe dominant or privileged
discourses in contemporary global society andwiik these that Ecohumanism must
compete for influence over public policy. Perhapsironmentalisif® too has become
significant enough to be included here?

Most obviously, it is Ecohumanism’s idea tlgaiality survivalshould be an overarching
goal for global society that needs to be closebnexed and regularly re-examined.

185 McKenzie, C., and James, .K., 2004, Aesthetics as an Aid to Understanding Complex

Systems and Decision Judgement in Operating Complex Systems, £-CO, 6 (1-2), pp.32-39

186 Environmentalism is the belief that an especially high priority should be placed on
protecting ecosystems from direct and indirect disturbance by humans.



134

While there is no space to do so here, the quslityival goal should be compared-
contrasted with the broad social goals of the npongleged discourses. How should
goals change with circumstances? At the next ldgein, debateable questions abound.
Are simple, robust indicators of quality of lifealable? Should quality of life continue
to be understood in terms of satisfying a hierarmhyeeds? How does one balance
quality of life today against quality of life tomow? How should one’s understanding
of quality of life change as society’s issues afaern change? Earlier, a modest case
was made for the claim that overshoot and decligumity of life are already realities
and that, under the intertwined impact of sevguglgernaut’ trends, a scenario in which
global quality of life falls dramatically in comirdecades becomes highly plausible.
This was the reference scenario | used for exglaiternative perceptions of global
overshoot and what should be done about it. Howewlle developed sufficiently for
the purposes of this book, the implications of tleérence scenario are so enormous that
it needs to be questioned, challenged, re-workeddeatended as competently and as
fully as global society can manage. It is not thatse efforts will reveal the future, rather
that they will help us decide what to assume aliout

Shaping attitudes towards threatening trends

While it is doubtful if there are any ‘laws of hasy,” viewing history and pre-history
through the lens of Ecawareness does generatdissiudpich, if more widely

appreciated, might reconfigure conventional atBgitbwards what is happening in
global society today (attitudes are ‘habitual walsegarding issues’). Bernard Williams
points out that the authority of such insightsiredicated or strengthened by the very fact
that they have plausible step-by-step histofiés.

Consider, as brief examples, the four juggernantgsses nominated as ‘driving’ global
society towards a major self-reorganisation:

Population growth

History is crammed with examples of societies whafter a long period of growth, the
population has crashed for one reason or anothagibg with it war, famine, disease
and/or collapse of the social order. Surely tipsto those who read no threat to global
society in present population growth to argue whings are different this time.’

Resource depletion

Another of eco-history’s lessons is that humansroomly destroy the resource base on
which they depend. Jared Diamond notes threetwitisain which human populations
tend to wreak great damage on their environm¥fits:

1. When people suddenly colonise an unfamiliar mmment e.g. Maori destruction of
megafauna in New Zealand, European settlers inrAliest

187 Williams, B., 2006, Philosophy as a Humanistic Discipline, (A.W. Moore Ed.) Princeton
UP, Princeton, Ch.16.

88 Diamond, J.M., 1992, The Third Chimpanzee: The Evolution and Future of the Human
Animal, Harper Collins, New York
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2. When people advance along a new frontier (heefirst peoples to reach America)
and can move on when they have damaged the reglund

3. When people acquire a new technology whoseuwt#ste power they have not had
time to appreciate, e.g. New Guinea pigeon huntélsshotguns.

Societies come to rely on various renewable andranawable resources and when these
run out, prove inadequate (e.g. for a growing paipor) or degrade faster than
countervailing technologies can be developed, sostganisation or disorganisation
becomes inevitable. Particularly in arid and vdeaitimates, deforestation, time and
again, has led to soil erosion and the destrucfatams and terraces, e.g. in the classical
Aegean civilization. As a rule of thumb, irrigatitmased civilizations such as first arose

in Egypt, Mesopotamia and the Indus Valley sevéralisand years BCE seldom last
more than a few centuries before degrading theresdurce through salting and
waterlogging. In general, it is intensificationrgsource use which leads to
environmental depletion and, from there, to eithetden collapse of the cultural system
or a shift to a new mode of production. Even whessource degradation has not been
fatal, adjustment to it has usually been painfuqulity-of-life terms for ordinary people.

Now we have the situation where global societylfeme highly dependent on a
number of resources which are rapidly depletindegrading or in shortening supply.
Oil and arable land are the standout examplesnatk phosphate, fresh water and
marine fish stocks somewhat less so. Where Intéinm@sts and Reconstructionists
differ is on whether the human ecosystem is heéale@organisation or disorganisation.

Global warming and after

In recent decades, historians have become incgsiware of the recurring role played
by environmental events (e.g. earthquakes, flodidsjghts, tsunamis, cyclones and
storms, volcanic eruptions) and transitions (digiate change, sea level change) in
guiding and channelling human histdfy. Earlier chapters provide many examples, most
involving disruption of existing social organisatie-migrations, invasions, dispersals---
and some, like the Mt Toba eruption and the Holeddawing having had world-wide

(cf. regional) impacts on quality survival .

Now, the whole world is experiencing a period gfidawarming of unpredictable

duration and magnitude. Environmental historywvafias to see this in perspective. At
one level, such an environmental transition isumtsual and humans will adapt to it as
best they can---just as they will when, within trext few thousand years, another glacial
age that will last 100 000 to perhaps 120 000 yedtprobably begin on Earth,

reducing mean temperatures from current levelsshyach as 10 deg C at times.

At another level, current global warming has theeptal to be incredibly disruptive by
historical standards. Most regions stand to bectly affected in terms of temperatures,
rainfall, and storminess. Recent population grom#ans a billion people in coastal cities
stand to be displaced as sea levels rise. Thensstand to become stagnant biological

189 Fagan, B.M., 2008, The Great Warming: Climate Change and the Rise and Fall of

Civilizations, Bloomsbury, New York
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deserts as they acidify and as circulatory flovasvsl Note also that faster than
anticipated warming will produce greater disruptiban slower warming. Because most
regions will be themselves disrupted, they are rntikety to transmit disruption (e.qg.
uncontrolled emigration) rather than assistandeeo distressed neighbours. This is
what happened as a chain of societies collapsedsé&urasia in the late Bronze Age.

Unless something is to be done about them, thetatilobal warming is being caused,
to a greater or lesser extent, by humanity’s greesé gas emissions is irrelevant.
Nevertheless, if society’s implicit strategy is ptiion, not mitigation, it will still be
important to understand the trajectory of the wagmrocess, and tracking emissions
will be part of that.

Complexification

As noted earlier, Eric Chaisson has championedisieéul idea that the complexity of a
dissipative system is measured byfiee energy rate density° This is the extent to
which, per gm of material in a system, the systemaking in and processing high quality
(free) energy and excreting low quality energy (@my). Consistent with the principle of
maximum entropy production, he has further arghet the upper threshold of
observable complexity has been rising since thénbeyy of the universe. For example,
while stars have a free energy rate density of@pprately 2 ergs per 0.1 gm per 0.1 sec,
the figure for the human body is approximately PO @rgs per 0.1 gm per 0.1 sét.
Drawing the bulk of its energy supplies from thetka stock of non-renewable fossil
fuels, the figure for a modern industrial ecosystaight be 20-30 times higher again.

The world-wide human ecosystem is continuing toobee more complex as primary
energy use rises. However, as fossil fuel suppliedrawn down, the system stands to
spontaneously self-reorganise, in one way or amptb@ multiplicity of simpler
structures, e.g. with fewer links between natiatest. Alternatively, if renewable energy
sources come to be tapped in sufficient quantitiesssystem could retain its present
complexity, or even self-reorganise to a higheelef complexity. Complex
technologies (may) allow society to tap the largergy flows needed to maintain
complexity!

PrAcTICAL ECOHUMANISM

We now turn to a discussion of Ecohumanism as ecemfpraxis a useful word

meaning ‘informed action.’ It was suggested ahinat the Global Overshoot Crisis has
proximate causes in the form of various juggerpaotesses and root causes in the form
of various meta-problems which are pervasive anidlmmake the effective management
of the juggernauts, singly or collectively, difficin the extreme. Here, | present
perspectives on two perennially intractable metal@ms, complexity and cooperation,
and offer several exemplary guidelines, not forrogming these, but for helping to
bettercopewith them.

190 Chaisson, E., 2001, Cosmic Evolution: The Rise of Complexity in Nature, Harvard UP
Cambridge Mass; Rees, M.d., 2003, Our Final Century, Heinemann, London
191 Chaisson, E., 2001, 1bid., p.139.
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Some guidelines for coping with complexity
1. Acknowledging complexity

The first principle for guiding what-to-do decisiomaking in a complex world is to
acknowledge that complexity and the need for coritjesensitive thinking. Consider
policy-making in the nation-state as an examplénas already been argued that all
behaviour is more-or-less experimental (see p$d)when trying to solve a what-to-do
problem rationally, a government must be routinelypared to respond further as its
actions prove inadequate for the problem as ihit@nceived. Things are nearly always
more richly connected than is obviol3s.

However, politicians in the developed world arekiedt into a convention that they should
pretend to know with certainty how to respond gues of concern (e.g. the juggernaut
processes) and what the consequences of theideonfpolicies will be. In adversarial
societies, and that includes Western democracatisicpl conflict can enrich perceptions
of issues, but the cost of coping with pretencedewkit is enormous. Seeking a balance
here will be considered presently as an aspetteofirtual-species problem.

2. Deliberate experimentation

Once complexity and its uncertainties are acknogaed a variety of other principles for
improving decision-making under complexity emergedonsideration. One such is to
explicitly treat each policy initiative as a delib&e (i.e. not unplanned) experiment, note
its effects and, based on these, design a furtilEypexperiment® A refinement which
might be possible sometimes would be to trial rplétpolicy ‘treatments’
simultaneously. There is a parallel here with theration of natural selection on a
genetically diverse population.

3. Monitoring societal change

Homeostasis (see p.27) is the ability of biologma@anisms (and ecosystems) to return
to ‘normal’ functioning after being subjected taside disturbance, e.g. regulation of
body temperature. The effectiveness of homeostagithanisms depends on signals of
environmental change (e.g. warming) being fed apkdly from environment to
organism, i.e.. via short unimpeded pathways.

In the same way, knowing what is happening in @na human ecosystem as it is
happening allows decision-makers to begin corrgqimoblems before they get out of
hand. If unemployment (e.g.) gets too high as meas(monitored), some
countervailing action such as reducing interegtsan be taken even though the effects
of such action cannot be accurately predicteds rnitonitoringwhich then tells us if the
countervailing action has worked or needs furtlifugtment->* To some degree,
monitoring in real time can be thought of as consaéing for humanity’s limited ability

192 Tevins, R., 2006, Strategies of Abstraction, Bio/ Philos 21, pp.741-55
193Walters, C., 1986, Adaptive Management of Renewable Resources, Macmillan, New York

194 de Groot, R.S., 1988, Environmental Functions:' An Analytical Framework for Integrating
Environmental and Economic Assessment, Workshop on Integrating Environmental and
Economic Assessment, Canadian Environmental Assessment Research Council, Vancouver
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to predict system behaviour. In practice, balantiregcosts and benefits of developing
monitoring programs will always be difficult.

As well as changing in response to outside distwbs (e.g. invasion), activity levels in
human ecosystems, tend to go throagtiesor oscillations such being part of the
‘normal’ internal dynamics of any chaotic dissipatsystem. Many such cycles are the
result of a time-lag between a causal trigger smdubsequent effect. For example, there
is evidence that unemployment rates are drivenitly tates 15-20 years earliEr. Or,
recall the earlier discussion of longer and sharyetes of economic activity in mature
economies (seelprror! Bookmark not defined. ). Without monitoring, the cyclical
behaviour of socio-economic activity is unlikelylie understood and taken into account
when deciding how to respond to change. The lotigeperiod for which a socio-
economic activity is monitored, the more valuable accumulated data becomes in terms
of being able to recognise if a recent downtury)(gasome indicator of interest is due

to:

a downturn in a long-term trend

a downturn in a wavelike oscillation about thahtteor

a downturn in a (short-term) high-frequency flu¢iom about an oscillatiofr°
4. Technology design and asssessment

New technologies are the raw material of eco-caltevolution. Within a decision-
maker’s sphere of influence, problems and oppatisare putatively addressed by
devising or collating a range of candidate techgiel® and selecting one for
implementation. It is because so many technolognederial, social etc.) solve problems
as intended, only to then ‘bite back’ and creat® peoblems, that technology assessment
and design should be an important part of copirth thie uncertainties of managing
contemporary socio-economic systetfls The guideline here is that technologies should
be designed and ‘pre-assessed’ in a broader cahtaxtheir immediate functionality.

When a society adopts a new technology, resou@es to be diverted from other uses
and, as well as the obvious beneficiaries, thelleb@ithose who, suffering from the
disruption of thestatus quoseek redress. But the bigger challenge in asgpasi
proposed technology is to foresee the ways in wthiethenefits of the technology might
be eroded by the slow march of ancillary processém train by the new technology.
For example, China’s ‘one child’ policy, a societhnology designed to slow population
growth, has now led, after a generation, to probleflgender and demographic
imbalance. Given our inability to develop formaggictive models of eco-cultural
evolution, decision-makers can only rely on hawangntuitive understanding of their
focal systems to foresee strongly-lagged feedb#ekts and imagine how such might be

195 Watt, K.F., 1992, Taming the Future:' A Revolutionary Breakthrough in Scientific
Forecasting, Contextured Web Press, Davis, California

196 Watt, K.F., 1992, 1bid.
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circumvented. The more general advice here igtavilare that ‘biteback’ is widespread
and to be looking for it.

5. Encouraging recycling and renewable energy teoges

In both human-free and simple human ecosystemsge(&s), materials tend to be used
cyclically, passing from one use to another befetarning to their original uses. Long-
lasting ecosystems retain (hold within their boureds the materials (e.g. nutrients,
substrate) on which their participants dependablgast, materials ‘leak’ from the
ecosystem no faster than they are acquired frompdhent system. Ecosystem
participants (e.g. species, virtual species) auleell mutualistically (interdependently)
through an intricate set of feedback relationsimpshich the well-being of any
participant depends on the well-being of many offagticipants. These feedback loops,
the so-called ‘web of life,” are the paths over ethinaterials are (re) cycled.

Under what conditions does recycling help a soatefye with complexity? City
ecosystems in particular recycle and re-use osiyall fraction of their material inputs.
Most becomes waste or dispersed pollutants. Fample, many coastal cities lose most
of their food-nutrient inputs offshore as sewagsrgeum is not recycled at all. If an
input is abundant and readily acquired, the casestablishing a recycling capability
may well exceed the benefits, even including themmal benefits of waste and pollution
reduction. However, as pollutants accumulate ppkes dwindle, recycling, re-using
and rationing of material inputs stand to becomeenadtractive options. In terms of
coping with complexity, these technologies extdraldvershoot ‘lead’ time before
disorganisation or reorganisation is rudely impogedhe society. This delay period can
be used to develop and implement less problemaltistgute technologies, paving the
way for a minimally—disruptive reorganisation.

The ‘unsustainable’ use of fossil fuels associatéh oil depletion and carbon dioxide
pollution is the supreme example of our time. fore than a century, economic growth
and the complexification of global society has bewe possible, indeed ‘subsidised,’
by the ready availability of fossil fuels, notalay, which have higlenergy-profit ratios;
that is to say, a large quantity of usable enemgie form of oil can be captured by
expending a small quantity of usable energy, «itiing) a hole. Renewable-energy
technologies (solar, wind, hydro etc.) have mueteloenergy-profit ratios than fossil-
energy technologies. While this greatly magniffesrate of capital investment required
to largely replace fossil-energy technologies wihewable-energy technologies over a
period of a few decades, many Interventionistselbelisuch to be possible and something
to be encouraged.

6 Investing in resilience

Looking backwards, societies we think of as hawegnresilientor robust are those
which pre-empted or recovered quickly from largd eapid falls in average quality of
life (e.g. deaths, disabilities, diseases, hurfgar) precipitated by large exogenous
disturbances (such as floods, fires, droughts sioves, epidemics); or, less often,
internally-generated disturbances such as coupthelMedieval Warm Period for
example, comprehensively documented by Brian Faanivilizations around the world

198 Fagan, B.M., 2008, 1bid.
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survived repeated extended droughts before, resdiexhausted, most finally crumbled,
e.g. the Mayans.

Can we judge the as-yet-untested resilience ofectoporary global society, threatened as
it is by the juggernauts of global overshoot---@agrulation, over-depletion, overheating
and over-connectedness between social structuvgsfeference scenario postulates
gross disorganisation of world society over condegades, implying, not a resilient
society, but drittle or fragile one. In rejecting that scenario, Interventionistagine

that quality of life can and will be protected thgh the use of conventional collective
instruments for coping with change in the stocks #mws associated with population,
material resources, pollutants and trade, e.gstaxbsidies, cap-and-trade schemes and
regulations:>

This may or may not be so. Our immediate interest whether complex dissipative
systems have properties which suggest generatgieatfor making societies more
resilient?® For example, as noted above, monitoring the azvafthreatening change
and designing forward-looking technologies are lagthroaches to countering the
inherent unpredictability of such systems. Creptin educated, sociable society may be
another (see below).

Unusually large oscillations in a society’s aciMigvels may indicate that the society is
near its homeostatic limits and at risk of disofgation or reorganisation. Reducing
current consumption to allow deliberate investmergt) buffer stocks and (b) redundant
pathways is a basic strategy for reducing thathiskn effect, expanding the society’s
homeostatic limits.Buffer stock®f uncommitted capital (e.g. wheat stockpiles,
American oil farms, stored vaccines) can be draawrdwhen supply chains are
interrupted. Increasing resilience by investingagdundancymeans building
infrastructure which has spare capacity under nboparating conditions, e.g. power
grids with alternative links and back-up generattirs Internet. Normal operating levels
can then be maintained by calling on this sparadapwhen other parts of the
infrastructure complement fail or become unavadablsome way.

A brittle society is one where initial disturbancesther than being buffered or diverted,
spread rapidly, bringing widespread disorganisati8nch runaway change is more likely
in societies where activities are connected inageiparticular ways. For example, in
strongly hierarchical societies where decisiong fttown from a central authority, the
inactivation or malfunction of the society’s corteentre, or its few communication

links, can disrupt activities at all lower levetsthe hierarchy. Or, more generally,
societies where activities are grouped into a ikt small number of tightly-integrated
sub-systems (hubs), each loosely linked to itshimgrs, can be badly disrupted by
disconnecting a single hub. In 2008, the globairiice system proved to be such a hub in
global society. Another source of brittleneskigg-chain dependengcthe situation

where important activities can only be completddrad long chain of prior activities is
first completed (see p.89), e.g. supplying compoparis to the automobile industry.

199 Cocks, D., 2003, Deep Futures: Our Prospects for Survival, University of New South
Wales Press and McGill University Press, Sydney

200 Walker, B.H., 2008, Building Resilience: Embracing an Uncertain Future, The Alfred
Deakin Lectures, Deakin University.
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Breaking any link disrupts all links. Conversatypdular societies, those organised into
a large number of small but relatively self-su#iai sub-systems, only loosely connected,
are more likely to prove resilient, e.g. tribal sties.

Note, finally, that investing in resilience alwayas aropportunity costone involving a
trade-off between (a) saving the system from pdessilture failure and (b) foregoing
beneficial output (e.g. immediate gains in quabityife) from the system in the short
term.

7. Marginal incrementalism

The political scientist CE Lindblom has argued thety few situations can be changed
other than marginally in democratic societies drad & philosophy of ‘muddling
through’ by making frequent small changes in tightt direction without particular
reference to ultimate destinations is in fact atinog@ strategy for managing society---not
terribly effective but optimad®* Certainly better than deconstructing the systath a
having faith in ‘market forces.” Recall that eviodun works the same way. It must be
accepted though that ‘marginal incrementalism’ séoav business, not suited to tackling
urgent problems such as global overshoot.

As part of ‘muddling through,” intermediate godigemselves need to be regularly
revised, even as progress towards those goalsnig b®nitored. As noted earlier (see p.
84), many social problems are ‘wicked’ in not havany definitive formulation and it

has to be accepted that ideas as to what is wéoiedan intervention may well change
as intervention proceeds. In the same vein, Initaaking goals should always be chosen
from a sufficiently large pool of candidates.

8 Avoiding gridlock

It was suggested earlier (seegpror! Bookmark not defined.) that human ecosystems
which keep increasing in complexity as a consege@hprocessing more and more
energy from the larger environment (e.g. an indgaigtmg society) will, at some stage,
begin to senesce or, metaphorically, to age. A&se@nt society is not necessarily brittle
(subject to runaway change), but it will not be) (@silient in face of large disturbances.
Nor will it be (as) able to find ways of reorgamigito improve quality of life
significantly, e.g. Australia has great difficultychanging its Constitution. These are
the characteristics of a society entemgngllock, i.e. one where resources are increasingly
unavailable for investing in either ‘future-proafiror progress. Causes can include the
inertia of habitual behaviour, inertia from infortizen overload and the self-interested
locking-up of resources by elite virtual specieg, éeudal estated? As stock resources
(e.g. accessible land) become scarcer in a grosongpty, existing activities have to be
reduced to release resources for new activitidss may be difficult. Pluralistic
stagnation(see pagé&rror! Bookmark not defined. ) is a form of gridlock found in
mature societies where adversarial stakeholderslittie concern for the public interest

2011 indblom, C.E., 1965, The Intelligence of Democracy: Decision Making through Mutual
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continually nullify each other’s attempts to impeatheir lot---even when the collective
benefits exceed the collective costs. Pluralstgnation, so common in the politically
stable societies of the developed world, is an lexteexample of the virtual-species
problem to be discussed below (see p. 143)

An increasingly senescent society can persistéoegations in an unchallenging
environment, but can the onset of senescence bgatl! Graeme Snooks argues that the
rise and fall of societies is an outcome of th@partunistic development and exhaustion
of the four dynamic strategies of family multipliwan, conquest, commerce, and
technological chang&?® In the present context, these are strategieseiaying
senescence; they expand the availability of regsuperceived to be limiting or, in the
case of technological change, using a resource afficeently makes it less limiting. In

our globalised over-populated world it is technatag change (the basis of economic
growth) and trade which continue to be recognisadt-explicitly as bulwarks against
senescence, but as engines of ‘progress.’

For societies which recognise and acknowledgesia¢scence and gridlock can happen,
and which have the necessary cohesiveness andsgutpere exists a wealth of ideas
that might be explored with the hope of delayingeseence. For example, societies can
be kept simple by capping their energy use. Tlag nonfer the additional benefit of
protecting long-term energy supplies. If an enargly can be reduced slowly over time, it
will allow the society to reorganise smoothly. Atfére are various ways in which the
power of conservative elites to block adaptive gfeacan be reduced, e.g. by
strengthening democracy (see p&geor! Bookmark not defined.).

While it is more difficult to coordinate stratedctivities in a more modular society (e.g.
one with strong local government), such organisatioes allow resources to be re-
assigned, module by module, without challengingsiheety’s overall resilience. For
example, sunset legislation (e.g. regular elecjialsws a module to ‘die,’” in
evolutionary terms, and to be ‘reborn’ without soofi¢he shackles of previous
arrangements. Given the implications for senesceps#ience, brittleness and
adaptability (see below), balancing devolution eedtralisation will always be a
challenge.

9. Encouraging cultural diversity

A culturally diverse society is one which has aewednge of institutions and economic
activities and a mixture of virtual species wittviae range of world views, occupations
and lifestyles. For example, the coexistence abadbrange of political and religious
opinions (John Rawls’ ‘reasonable plurali$ffy) reflects diversity in a society’s
superstructure.

A diverse society stands to be more brittle thémeacratic or simple tribal society (see p.
Error! Bookmark not defined.) but it is also more likely to generate policyagenot

only for improving resilience, but, more proactiydior advancing mean quality of life.
Just as genetic and trophic diversity allows bimalsystems (species, ecosystems) to

203 Snooks, G.D., 1996, The Dynamic Society: Exploring the Sources of. Global Change,
Routledge, New York
204 Rawls, J.R., 1993, Political Liberalism, Columbia University Press, New York, p.134
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survive and (pre) adapt to change, ideas and reégpemplementing ideas are the raw
material of cultural evolution. It was suggested\a that policy initiatives in complex
societies be treated as experiments and that sethto be carefully designed to avoid
unwelcome side-effects. It is around emergentsdieat such initiatives are constructed.
If ideas are to emerge freely, it is particularypiortant that all individuals be supported
(e.g. through the school system) in their effostdévelop their own individuality and,
especially in a gridlocked society, helped to avméthg conformists. Radical ideas (e.qg.
questioning the value of prisons or of drug prdiminis) need to be properly debated, not
dismissed.

Let us pause here on the grounds that space dopsmait a fuller presentation of the
many principles and on-ground options that sogateght benefit from keeping in mind
as they tackle what-to-do problems in a complexedptable world. We turn now to
our second suggested root cause of the Overshig Gramely, the difficulty that
groups of all sizes have in working cooperativelyards mutually beneficial ends.

Some guidelines for coping with the virtual-specigsoblem

Recall that a (human) virtual species is a groupemiple who, mostly, interact
cooperatively and who may sometimes have conflicduaompetitive interactions with
other virtual species (seebpror! Bookmark not defined.). The concept is basic to
understanding inter-and intra-group relationshii®m war and class struggle to street
gangs and ‘partisan mutual adjustmé&itn liberal democracies. Here, we will focus
more on the virtual-species problem as it appediseascale of the international
community, namely, the problem of improving coopieraand reducing conflict within
the existing system of nation states. We have imdrof course the Interventionists’ goal
of securing international cooperation in respoust¢ perception of a Global Overshoot
Crisis.

1. Towards a World Federation

From an Ecohumanist perspective, there can be mogment answer to the question of
how world society should be organised politicallgevitably, as times change, so do
political solutions. Nevertheless, the guidelinggesting itself here is that now is an
appropriate time for moving towardd/orld Federatiorin which nations can both
cooperate and develop individuaff. Federation is a well-tried form of political unio
The version being suggested here, like the Auatrdkderation, leaves all
responsibilities not specifically covered in thecdes of association, to the individual
state.

As noted earlier (seefpxror! Bookmark not defined. ), it is difficult to envisage any
scenario where a World Federation arises outsie@ldtform of the United Nations.
Despite being undemocratically controlled by SeaguCouncil members and their
vassals in their own short-term interests, sughrmstormation is not inconceivable. It
would probably have to start with another chartakimg conference---San Francisco
Two. Progress may also have to wait on prior feti@ns in Europe, Africa and Latin

205 Lindblom, C.E., 1965, 1bid.
206 Polanyi, K., 1944 | 2001, The Great Transformation:’ The Political and Economic Origins of
our Time, Beacon Press, Boston.
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America. The magnitude of this task relative t® time that might be available before a
contractionary bottleneck appears will seem unsgalto many.

Membership of the World Federation would be opearty state accepting the UN’s
Universal Declaration of Human Rights, a remarkaldeument. Secession from the
Federation would require a people’s referendunrasegt against self-serving leaders.
Indeed, the people might need to be representedtlyir as well as through their states, if
the World Federation is to be seen as legitimB@cedures for suspending states
breaking the Federation’s laws would have to bal#ished, as would procedures for
disadvantaging free riders. The massive fundiggired to run a World Federation
would probably come in part from taxes on all intgional transactions including trade,
capital and communications and in part from taxesesource use (e.g. fossil energy,
land clearing) and pollution (e.g. carbon emissjonsternational companies might be
taxed on some mix of their profits, assets andieivds.

No state is going to act against its perceivedonatiinterest, so what would be the
benefits of Federation membership? Given thaFdderation’s goal would be to seek
quality survival there would be obvious immediatatenial benefits for disadvantaged
third world countries pursuing modernisation. Mbreadly, the world’s capacity to
solve its trans-national problems (war, crime, yodin, trade, aid, migration, capital
flows, espionage, terrorism, water flows...) wouleshékt from an enhanced sociality,
stability and predictability in international ratas.

2. War and conflict

To take a specific example, how might the Worlddfatlon move to reduce the scourges
of war and armed conflict, destined as these aweotsen if the reference scenario
eventuates? There may be ‘just’ wars but, givgoa of quality survival, the costs of
war mostly outweigh any possible gains.

Let me start with a bright idea. Hazel Hendersuahudes a United Nations Security
Insurance Agency in a list of desirable new gldbstitutions?°’ Nations could buy
insurance against potential aggression with premsibeing used to fund peacekeeping
and conflict-resolution contingents. Perhaps, tthier boost the fund, those major
powers that are heavily involved in arms salesrardear proliferation should be taxed
on these activities. Other ideas with further ptgd to ameliorate the horrors of war
include the International Criminal Court, disarmautneegotiations and weapons
conventions (e.g. banning anti-personnel mine®m@unity and international peace
organisations should be given every encouragemgms. prevention of war is a
responsibility the world has to keep nibbling atdiverse fronts. The overarching
guideline for preventing war and conflict is thia¢ tworld, whether federated or not,
should be run as a participatory and pluralist denancy.

207 Henderson, H., 1998, Economics and Evolution: An Ethos for an Action Researcher, in
Loye D (EQ) The Evolutionary Outrider: The Impact of the Human Agent on Evolution,
Praeger, New York, pp.215-32
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But what happens when conflict does appear? Toaditinternational relations models
(e.g. Morgenthau and Thompson, 1¥8passume conflict (having incompatible goals)
inevitably turns to war unless constrained by detere, i.e. the threat of deadly
retaliation. Given the prevalence of war, it habé assumed that deterrence is not
applied sufficiently or that the theory is wrongladteterrence does not deter, e.g. Korea,
Vietham. The non-traditional view, my preferenisethat inter-group conflicts can
frequently be resolved without (further) deadlyleitce if the underlying frustrated needs
of the conflicting virtual species can be teaset thwough dialogue and if the parties
then jointly search for political solutions satisiy both sets of needs.

Having said that, resource-based conflicts whiehbeing driven by population growth
do seem depressingly intractable. The conflictltggn approach has some successes to
its credit but, once spear—rattling, demonizattostorical revisionism and counter-
accusations have commenced, conflicting partiebifidifficult to come together in this
way. A period of violence seems, almost, to b& fiecessary. It may be that conflict-
resolution methods will have to prove themselvabaidomestic and community level
(as is happening) before being accepted for usgenmational and ‘tribal’ conflicts.
Nonetheless, conflict-resolution conferencing aradioguing, conducted in secret, should
be offered to all parties in actual or potentiat wiguations”> The importance to a
people of just having their group identity recoguidy others cannot be over-
emphasised.

3. Educating for sociality

As well as improving the political institutions apdbcesses through which extant virtual
species interact, there is a second broad apptoaheliorating the virtual-species
problem. It is socio-psychological and centreattempting to bring about widespread
changes in people’s attitudes towards others. ifigaly, this is a strategy to develop
societies in whiclsociality is high, i.e. where amicable relations betweerpfeeo
predominate. In such societies, attitudedraternal or sisterly, meaning that people
tend to regard others, even strangers, as theaphetical brothers and sisters. Sociality
is more than sociability. It implies social retatships marked by the expression of such
behaviours as nurturing, fellowship goodwill, enipataltruism, love, affection, concern,
trust, agape, civility, collaboration, helpfulnegsgetherness, belongingness,
inclusiveness, mutualism, cohesion, loyalty aniisoity. Sociality can be contrasted
with sociopathy a set of attitudes under which most people tenédard others as
enemies to be mistrusted and exploited. Tribaltemitoriality and hostility-

indifference to others characterise sociopathy.

Sociality is important for two reasons. In a sbcighere sociality is the norm, many of
the individual's higher needs which have to be ihatquality life is to be achieved will,
to some extent, be automatically satisfied, inglgdhe needs for safety, security,
belongingness and affection, esteem, respect dinckspect. The second importance of
sociality is that it is indicative of a cooperatiseciety, meaning one in which people

208 Morgenthau, H., and Thompson, K.W., 1985, Politics Among Nations: The Struggle for
Power and Peace, 6th edn, McGraw Hill, New York

209 Burton, J.W.,1996, Conflict Resolution: Its Language and Processes, Scarecrow, London
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easily and readily come together to exploit theesgies of collective action (see

p.Error! Bookmark not defined.). More than that, a civilised society which hearhed
the benefits of amicable relations among its owerest groups will be open to extending
these local attitudes to relations with other stese

At this point, the practical question is whethetiabty can be taught and learned. Both
sociality and sociopathy have their roots in thieaw@our of our hunter-gatherer forebears
who evolved instinctive and useful appetenciestmperation within the group and for
hostility towards outsiders (seegpror! Bookmark not defined.). It needs to be
recognised that both appetencies still exist eliendh, apart from a limited role in
stimulating social criticism and as an indicatouamet needs, sociopathy has no
apparent function in a complex society. Human biehat is very malleable and children
can be brought up to hate or to be fraternal-dystard cooperative. For example,
children in lightly-supervised playgroups teachheather cooperation. Such
socialisation is easy in a society which is alrefdiernal-sisterly simply because most
behaviour is imitative. People treat each othechras they themselves have been
treated. However, under conditions of stress,cusey, crisis and declining
expectations, sociality tends to be replaced byopathy. Along with meliorating those
imposts, as part of restoring people’s qualityi#-prospects, sociality has to be actively
nurtured by teaching and example.

Experiential learnings one social technology with an important rolelay in blurring
the boundaries between virtual species. Childrehy@mung adults who are helped to
spend time living outside their own societies (stgdying abroad) are more likely to
recognise the essential similarity of peoples faifferent cultures. Familiarity breeds
acceptance and, in conflict situations, perhapsatiypand respect for the other’s
position. By the same token, given the importancgociality of being able to trust that
one is not being deceived, educating people torstated and detect deceit would also
seem to be a guideline for building or rebuildingiality (see Error! Bookmark not
defined).

4.Constraining elites

History shows, in almost every society, that orlte groups have obtained control of
energy surpluses and the social and economic @ged these support, they are loath to
return to a society offering a more equitable dsition of life opportunities (see

p.Error! Bookmark not defined.). And to the extent that the majority accept tnder

of things there is no ‘virtual-species problern’modern democratic societies,
persuasion, not coercion, is the instrument thegselise to maintain their position. This
is done by controlling the institutions which reguge the thought patterns of the state,
namely the education system, the media, the charah& government itself.

To the extent that the majority are unhappily camsx of this imbalance, political
democracy remains their most promising social tetdgy for achieving change. What
they need to first realise is that democracy itsedf generic instrument which can be
used to support the search for and adoption ofrsiveocial technologies which further
improve democracy as a change instrument, e.gughrthe elimination of privilege, the
management of populism.

*k%
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The body of social technologies which may haveratpgplay in reducing the
uncertainties caused by complexity and pervasisagieement has only been touched on
here. Also, it would be quite wrong to suggest thase mentioned are uniquely the
products of an Ecohumanist perspective. The pemtins though that this perspective
is a promising source of ideas for overcoming theg problems that impede attempts to
address the more proximate causes of global ovetsiWde move on to asking if the
Ecohumanist’s story of the origins of global oversthoffers appropriate emotional
inspiration to a global society facing the possgipibf massive disorganisation.

BUT IS IT EMOTIONALLY SATISFYING ?

In this Chapter, | have so far argued that Ecohusnas-a mixture of a story, a
philosophy and a belief system---is a doctrine Wwipeople may find useful for rationally
understanding how and why the human ecosystemhaasyed historically, is changing
now and might presently change. Also, the Chaptiitended to illustrate that
Ecohumanism contains sufficient ideas to spawnedumes for better managing the
processes that are driving changes in global qualitife.

But, beyond these virtues---praxis and factual ustdading---we now ask if people will
beemotionallyinclined to accept Ecohumanism as a platform fvdmch to contemplate
the possibility of global overshoot. More spedaflg, does the ecohumanis&tory of
Global Overshoohave qualities which are more rather than lessylito evoke positive
emotional reactions in those exposed to it? Thisportant. Recall (seeHyror!
Bookmark not defined.) that it is (only) ideas carrying a positive ernogl tag which
get accepted as input into decision-making prosesker example, is Ecohumanism
likely to appeal to post-modern people, attuneshéking their way in an individualistic
marketised society? Can one be an ecohumanist véridaining loyal to one’s ethnic,
political, national, ideological, religious etcrtal species? Will a fear that global
society is about to be overwhelmed by multiple peots prompt people to look beyond
their existing belief systems?

While people cannot be reasoned into switching foora belief system to another, and
encouraging that is not my intention, | will redaate some elements of Ecohumanism
which | believe are more likely, on balance, tole@rpositive rather than negative
emotions:

To start, Ecohumanism is a narrative for all huryamio-one is excluded. It emphasises
that we are all members of one species, the prazfuate continuous evolutionary
process extending back to the beginning of thearsa?'® Science has demonstrated
that physiognomic and physiological differencesuaan peoples rest on minor genetic
differences. From there, it is a small step teeptiag that strangers have minds like
one’s own and, notwithstanding cultural differenaeseds like one’s own. Strangers
lose their strangeness. For many people, oncedhnignon biological inheritance is
accepted, the inherent concern they have for thibeweg of their immediate relatives
expands to embrace the species as a whole; and thathumanist perspective.

210 Christian, D., 2003, World History in Context, Journal of World History , 14(4), pp.437-
458
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Ecohumanism recognises that any group of peoplgglim a particular place for
generations will evolve a place-specific culturaahhhelps the group to persist; and that
if the group is transplanted it will, to a greatedesser extent, take its culture with it.
Notwithstanding, when its environment changes,lauican only evolve at a rate which
does not destroy its overall coherence. Recogni$ie origins of cultural differences
does not automatically preclude conflict and temsiuben cultures intermingle. But it
may help. That is, knowledge offers an alternatiivknee-jerk hostility.

Ecohumanism finds no need for a belief in the sugeairal. Much that puzzled our pre-
Enlightenment forebears can now be explained stieaily, while remaining puzzles
such as biogenesis and the pre-universe are blewwty larified. Religious beliefs in
interventionist gods are best viewed as elaboratidithe primitive animistic belief that
everything is alive (seeprror! Bookmark not defined.). Such religions are social
technologies whichnter alia, help people satisfy their need for meaning, foraalel of
the world. While Ecohumanism is not a religionsit ‘spiritual’ doctrine in the sense
that understanding how the world and its peopldvedbis a precursor to feeling ‘at
home in the universe’ and ‘at home with humanity.’

Ecohumanism offers the individual the existentf@lienge of being responsible for hir
own morality. Viewed as a moral philosophy, Ecohaisa suggestquality survivalas
an overarching goal for global society and hencea laoad criterion for guiding social
and individual choices. Beyond that broad criteri&cohumanism is situational and
pragmatic rather than prescriptive. For examgaleedl with multiple candidate
interventions for addressing Global Overshoot,.gb@humanist does hir intuitive,
aesthetic best to choose the one offering mostiatity survival terms.

In inter-personal relations, the ethic which flomegurally from the Ecohumanist
perspective is present already, in one way or amnpth all the world’s major religions,
both theistic (e.g. Islam, Judaism, Christianitydl mon-theistic(e.g. Buddhism,
Confucianism, Taoism). Because every person’sityu#llife is equally important,
because every person has an equal right to hagpimesians must take loving
responsibility for the wellbeing of othe?S- The ‘golden rule’ or ‘ethic of reciprocity’
against which one’s actions can be checked hasédawassed in startlingly similar
terms in a score of religios$? While Ecohumanism has no place for mythical and
supernatural figures, it recognises educationaliaspirational value in the stories of
great human beings such as Mohandas Gandhi, NElandela, William Wilberforce
and Paul Robeson. While Ecohumanism is not an agitodoctrineper se it recognises
that optimistic individuals are often more succeksfan pessimists in finding solutions
to problems..

Ecohumanism is an expanding and adaptive doctimterigid. It is built around a
revelatory and ever-richer story of an evolvingmos. In the spirit of science, all its
‘truths’ are provisional and open to question. Wdistanding, the authority of those
‘truths’ is strengthened by both their long intetlgal history and a knowledge of their

211 Clark, M.E., 2002, In Search of Human Nature , Routledge, London, p.298
212 http://www.religioustolerance.org/reciproc.htm (Accessed 31 Oct 2009)
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bio-physical evolutionary histodt? Inescapably though, it takes curiosity, timepgff
and opportunity to become eco-aware.

Ecohumanism is an honest doctrine, unbeholderetmtbrests of any particular virtual
species. It tries to listen to and understangaihts of view. It does not pretend to
knowledge or authority it does not have. But itegi\no credence to implausible hopes
such as life after death or, indeed, implausibtedts such as judgement day and eternal
Hell.

Nevertheless, Ecohumanism recognises that fededuture, particularly death, is a
powerful, universal emotion and identifies insigimsich might help people accept their
fear and not be paralysed by it. As Rilke’'s Dutlegy muses (see Preface) muses, it is
knowledge of death that makes life so precious.indi&/iduals and as a species, we have
emerged from a cosmic process and will be reabddripeét. Without the metaphorical
‘deaths’ of anti-matter and exploding ‘furnace’rstahere would be no Planet Earth
today. Without the deaths of innumerable plantheCarboniferous era, there would be
no oil to energise global society. In the econoinig the deaths of old enterprises which
unlock resources for the creation of new enterprida a finite world, it is human death
which allows cultures and genomes to evolve. Imegal, death can be seen as a creative
‘technology’ which makes evolution---the selectire¢ention of variation---possible.

Ecohumanism is non-judgemental. A simple but wely of looking at people is to see
them, whether by virtual species or individuallg,rational agents, busily devising new
technologies and applying received technologiesdnad, social, cognitive,
communicative) to the end of meeting a spectrumeefds. People make their rational
choices from sets of possibilities which are caisgd in numerous ways, including
being constrained by their values, their preseastirielogies, their beliefs and their
cognitive skills.(see ppgrror! Bookmark not defined., 83). It is commonplace, but
usually unproductive, to judge past behaviours fommtemporary perspectives, e.g. as
noble, altruistic, immoral, stupid, short-sighted@* Indeed, | am inclined to accept the
argument of Jaynes and others that humans, pribetorst millennium BCE, did not
experience consciousness as we understand it Seernp Bookmark not defined. ).

Ecohumanism has few illusions about the statddamho sapiens It should not need
saying, but, given our appetency for self-decepfsae pError! Bookmark not

defined), we may need to remind ourselves that we aréonds$ of the universe,
destined for endless progress. Nor are we paatitgin some Manichean drama,
fighting to secure the ultimate victory of good peeil. At this stage in our history we
are more like impulsive adolescents, with limitedekight and self-discipline;
notwithstanding, we are unlikely to wipe ourseloes yet awhile. We have been lucky
in two important ways. One is with pre-adaptatjqregticularly the adaptations we
brought with us when moving from a forest habitehtsavanna habitat (se&por!
Bookmark not defined.). The other is that while the environment is alsvahanging
and threatening extinction, it has never changstidaough to overwhelm our capacity to
adapt.

213 Williams, B., 2006, Philosophy as a Humanistic Discipline, (A.W. Moore Ed.) Princeton
UP, Princeton

214 Yardley, J., 2008, Review in Washington Post (16 Mar) of Wood, G.S., 2008, The Purpose
of the Past: Reflections on the Uses of History, Penguin, New York
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| have found the metaphor of the species as anmithdil, slowly learning to make the
best of the finite life he or she has been grarttee one which many people regard as
illuminating and satisfying.

TAMAM SHUD : | T IS FINISHED

This book started with a perception that, in teahgeople’s quality-of-life prospects, the
future of global society has become much more daicein recent years. While the data
which might show average quality of life to be ifadi is inconclusive, the world is
certainly being impacted by a number of accumugagixocesses which, considered
jointly, give a degree of plausibility to@lobal Overshooscenario, meaning a scenario
in which global quality of life falls dramaticalip coming decades. This ‘dark age’
scenario, dégringolade, became the proposition fubioh | postulated three alternative
perceptions of global overshoot processes and s¥twatld be done about them, viz.:

Not plausible at this time, not to the point ofugng pre-emptive action (Empiricists).

Plausible if ignored, but likely to be managedhe point of having a low impact on
global quality of life (Immediate Interventionists)

Plausible, but unmanageable in any comprehensiye lvedter to focus on post-
bottleneck recovery measures (Reconstructionists).

So, based on this span of reactions to the referecenario, we have an emerging Global
Overshoot Crisis which could have severe or mildvan insignificant consequences.

My own working hypothesis, a provisional diagngseshaps, but increasingly supported
as | have conceptualised and filled out my undaedstey of the deep origins of this

Crisis, is that, for good reasons, something lileereference scenario will play out in
coming decades.

Let me recapitulate those reasons. Humans, endasvdtey are with a talent for
technological innovation, have created a highlynsmted global society, a dissipative
system which requires massive and increasing dgiemntf exogenous energy, and other
inputs, to maintain it and to support its ongoilegnplexification. Should the normal
operations of this system change rapidly (over s¢vkecades, say) and extensively,
many people’s lives will be disrupted and globadlgy of life may, likewise, fall

rapidly.

In particular, if the four juggernaut processeavénominated do not slow of their own
accord, or are not mitigated in some way, theydstaimgly and interactively, to trigger
waves of rapid reorganisation in global societyn@e eco-aware reasoning is enough to
produce plausible scenarios of how population gnowasource depletion, global
warming and linkage proliferation might overwhelfolgal society’s capacity to absorb
change without disintegrating (see p.88). Convgréeannot find plausible scenarios
which suggest that these proximate causes of thleaBEOvershoot Crisis might slow of
their own accord (e.g. through value shifts) in aapdecades or how they might be
defused by purposive human action on a sufficidatige scale.
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Why not? Didn’t the Interventionist response te thference scenario (see p.105)
envisages a range of measures that global sooatygl take to ameliorate/adapt to the
proximate causes of the Crisis? Some such hagadibeen implemented, albeit in a
limited and piecemeal way, by governments and othieral species. But, like the
Reconstructionists, | see little evidence that glawciety has the cognitive ability or the
knowledge base to devise promising solutions th $age what-to-do problems or to
forge the required cooperation between the worldtsial species, particularly its nation
states. | suggest that these two problems, magagioperation and complexity, be
viewed as root causes of the Crisis in that theyséwpping its proximate causes from
being successfully addressed---just as both atlypasponsible for the development of
those problematic trends in the first place.

This is an important conclusion. The implication Interventionists is that developing
social and other technologies for managing coojmerand complexity is at least as
important as developing material and social teabgiek for slowing or reversing the
momentous trends threatening global quality ofdifel, in the long term, quality
survival. And Reconstructionists too need to barathat unless humans can make
considerable progress here, the post-bottlenecldwizey think we should be preparing
for will once again begin creeping towards the r@xérshoot Crisis.

Here then is my framework for thinking about therMs converging problems---a
jostling set of hard-to-manage processes and Ignkiata-problems which are
threatening global society with massive disorgdiosan coming decades. | recognise
‘Wait-and-see’ Empiricism, ‘Noah’s Ark’ Reconstriartism and ‘Stop fiddling’
Interventionism as three ‘not unreasonable’ whaddaesponses to the suggestion of a
dystopic future. While my own inclination is towigrReconstructionism, | do not think
it can be argued that one of these is ‘right’ dreldthers ‘wrong.’

However, while | find myself unable to recommend atep-by-step program for
confronting the Overshoot threat, | am keen totseaglobal community continuing to
search for and experiment with ways of avoidingarg drop in average quality of
life;%*° or preparing for recovery from any such drop. Ais&mpiricists are not
concerned as yet about falling quality of life,faways have the obverse option of
working to raise global quality of life above curtdevels.

While this book has nothing to offer those who hatéhose who have found the truth,
the tool it is offering people of goodwill who watat think constructively about the
world’s converging problems is Ecohumanism, paakggf, metaphorically, as ‘lodestar
with travel-guide.’

Ecohumanism is a lodestar, a ‘light on the hil,that it offers a reference point against
which ongoing what-to-do decisions and choiceshmanhecked, i.e. for which present
and future groups, what are the quality of life lizgtions of this choice?

When you arrive in a strange country, having adkaguide allows you to understand
what is happening around you, at various time-spaates, and how what you are seeing

215 For example, Buzaglo, J., Global Commons and Common Sense, Keal-world Economics
Review, No. 51 (http://www.paecon.net/PAEReview/issue51/Buzaglo51.pdf (Accessed 2 Dec
2009)
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got to be the way it is. It describes how the ls@alstomarily behave and think. It
suggests what-to-do activities, along with placegdrhaps avoid. In more general
terms, a good travel-guide primes your imaginati®th enough ideas to flesh out your
mental model for an itinerary and, as requiredyjoi®a string of intuitively-generated
what-to-do suggestions.

The Ecohumanist’s ‘travel-guide’ to the ‘strangeictyy’ which is the Global Overshoot
Crisis is, similarly, suggestive-but-not-prescrpti The story of this Crisis is the story of
the human ecosystem, interpreted here as the vwgpokinof complex evolutionary and
ecological processes going back to the beginningetiniverse. Ecohumanism suggests
that this story can contribute to humanity’s shertn quality of life prospects and long-
term-quality survival prospects in a variety of wast the risk of underplaying others,

let me finish by recapitulating several of thesatdbutions that | consider to be
particularly important:

Ecohumanism provides a way of talking and thinlabgut the origins and tractability of
the world’s converging problems. It offers som@dédhat while we are confronted with
problems we don’t as yet know how to solve, we Vadrring overwhelming setbacks,
continue to mature in our ability to provide eveone people, now and into the indefinite
future with the opportunity to lead satisfying lszeBut progress could be intermittent
and glacially slow. For the Ecohumanist, it is Eaeeness, the coherent exposition of
evolutionary and ecological relationships, whichegi meaning to the world, i.e. confers
a feeling of knowing what is happening, what hasrbeappening and why things are the
way they are.

Ecohumanism recognises that there is an inescapabtefor intuitive judgement in the
management of complex systems. To this end, ldyi@sights and guidelines for
improving such judgements, e.g. guidelines fordsettanaging the proximate and root
causes of the Global Overshoot Crisis. At vergtethhese become opening theses for
dialectic discussion.

Ecohumanism stands to strengthen and expand psdeédings of belonging to one
human family; and their sense of identity---whangans to be human and a human. As
individuals and as a species, humans are goingghrbife cycles. We have evolved to a
level of consciousness and understanding whichr@awgnise that while life may be
short or long, fulfilling or cruel, there is mudhet we can do to make it better than it
would otherwise be, for ourselves and for others.
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