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Why Cooperate?Why Cooperate?Why Cooperate?Why Cooperate?Why Cooperate?

WWWWWithout cooperation, you would not exist.
Almost everything we use and depend on in our everyday life is produced and brought to us by the

coordinated actions of many other people. Almost everything made by humans is produced cooperatively.
Consider a very simple manufactured device such as a ballpoint pen. It is the product of the coordinated

work of thousands of people across the planet: manufacturing and moulding the plastic components,
collecting and processing the petrochemicals that are used to make the plastics, manufacturing the metal
components, producing the alloys from which these are made, mining and processing the various ores
used in making the alloys, transporting all these raw materials and components around, inventing, designing
and refining the design of the pen, and so on. None of these tasks are carried out by individuals acting
alone. They are done by individuals who are members of cooperative organisations such as multi-national
companies. These organisations in turn use materials and services produced by other cooperative
organisations and so on. Everything is the product of an immense network of cooperation.

Even unprocessed food such as vegetables are produced through the cooperative activities of many
people: fertilizers, insecticides, farm equipment, irrigation systems, transport, and so on, are all produced
and organised cooperatively. And each individual involved in this production relies on many other goods
and services that are also generated cooperatively.

Not only is our physical life completely dependent on cooperation, so too is our mental life. Many
people have contributed to the development of the ideas in our culture about how the world works, the
place of humanity in it, what is right and wrong, how we should live our lives, and how we should relate
to others. Without exposure to these ideas we could not think as we do and we would not have our current
worldviews. What we think and the contents of our minds is as much the product of social cooperation as
our technology and our food.

Viewed from afar, human society is a dynamic network of cooperative activity that inseparably interlinks
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our lives and our actions. But it is not just that we are all totally dependent on the cooperation of those
around us. We are also totally dependent on cooperation within us. We are composed of cooperative
living processes. If the living processes that make up our bodies did not cooperate, we would not exist.
Their cooperation is us.

Each of us is an organisation of about a million billion cells. These cells are specialised into many
different types that team up to form organs such as the heart, stomach, and bones. The digestion of food,
the transport of food to cells, the fight against invading cells that cause disease, the transport of oxygen
to cells and the use of thought to solve problems are all the product of extensive cooperative amongst
highly specialised and differentiated organs and cells1. Like the goods and services produced in human
society, the key functions of the human body are all the product of the coordinated activities of thousand
and thousands of differently-specialised and interdependent cells. If this cooperation breaks down, so to
do our bodies. Cancer is one example of what happens when cells go their own way at the expense of the
body.

And the cells themselves are cooperative organisations. Without extensive cooperation between the
molecular processes and organelles that make up cells, we would not exist. Each of our million billion
cells is made up of thousands of incredibly small and intricate parts that cooperate together to produce
the functions of the cell. At the molecular level, a human cell may contain up to 100,000 different
proteins. Proteins are differentiated and specialised in many ways: some provide support for the components
of the cell, some form part of the cell membrane, some have the ability to contract, moving the cell or
parts within it, and many are specific enzymes that regulate the essential chemical reactions that enable
the cell to function. Often these enzymes cooperate to form teams in which each member regulates a
particular step in a sequence of reactions.

Just as humans team up to form corporations, and cells are organised into organs, groups of molecules
may also form larger structures called organelles. These too are differentiated and specialised, with
mitochondria, the so-called power houses of the cell, releasing and converting energy for use in the cell,
ribosomes providing sites for putting together proteins, the nucleus housing most of the genetic material,
and lysosomes providing places in which food can be digested without dissolving other parts of the cell2.

As with our bodies and our social systems, the functions of our cells are produced by the cooperative
activities of many specialised and differentiated components.

In summary, we are cooperators that are made of cooperators that are made of cooperators and so on.
It is cooperation all the way down.

But why all this cooperation? What are its advantages? Are they the sort of advantages that can drive
evolutionary progress? In Chapter 2 we saw that evolution would be progressive if there were general
potentials for improvement in living processes that were on-going. Are the potential benefits of cooperation
on-going in this sense? As evolution proceeds to exploit the advantages of cooperation, will there always
be potentials for further improvement that will draw evolution forever onwards?

We know that much of the cooperation we see around us must be advantageous because it has succeeded
in competition with alternatives. Cooperation is widespread only because it has been able to defeat non-
cooperation in evolutionary struggles. The teams of cells that have formed multicellular organisms such
as birds, insects and mammals have proven competitively superior to individual cells in many environments.
And the teams of molecular processes that have formed cells have almost completely replaced the less
cooperative molecular processes that preceded them.

But why are these cooperative organisations competitively superior? Why can a group of living entities
that team up do better at evolution than individuals who do not?

The key to the success of cooperation is that combinations of individuals whose activities are coordinated
can do things better than individuals, and can do things that individuals cannot.

One of the main ways in which cooperation enables things to be done better is through specialisation
and division of labour. In a cooperative organisation, every individual does not have to do everything
needed for survival. Instead, an individual can specialise in a particular task, performing the task not only
for itself but also for others in the group. This lets the others specialise in other tasks for the group. The
result is a highly interdependent organisation in which key tasks are performed by individuals who are
specially adapted and equipped to do them3.

So we do not all have to do the work of a plumber, a carpenter, and a medical doctor. We do not have



Why Cooperate? 24
to spend time learning all these skills, we can specialise in one job and do it far better than any individual
who had to learn them all. And because we do the one job full time, it pays to develop special tools and
equipment to enable us to do the job even more efficiently.

Similarly, a specialised nerve cell is free to develop the structure and processes needed for it to transmit
electrical impulses effectively. It does not have to retain a structure that enables it to perform all the other
tasks of cells in our bodies. And the cooperative division of labour within cells enables protein enzymes
to specialise in particular tasks. So an enzyme can develop the structure needed to regulate one specific
step in a chain of reactions, rather that having to have a generalised structure that can control many steps.

Sometimes individuals also have natural advantages that make it more efficient for them to specialise
in particular tasks. For example, cells at the front of animals are best placed to sense the environment
because they meet new conditions first. And many Portuguese farmers specialise in wine production
because of the suitability of Portugal’s climate.

In all these ways, a cooperative division of labour can enable living processes to function more efficiently
and effectively. It can improve their ability to get food, to move, to fight enemies, to solve problems, to
understand how the world works, to use this knowledge for better adaptation, and to evolve. Whatever
evolutionary challenges face a group of individuals, they can deal with them better using a cooperative
division of labour.

So wherever evolution has been able to fully exploit the benefits of cooperation, we always find the
extraordinary level of specialisation and interdependency that results from a high degree of division of
labour. We find it within cells, within our bodies, within our social systems, and between nations4. And
there is every reason to believe it will also be a feature of organisations that are capable of future
evolutionary success on even larger scales.

But it is not only through a division of labour that cooperation provides advantages. Cooperation is
also able to exploit the fact that combinations often have new features that their components do not5.
Combinations can do things that individuals cannot. We are most familiar with this in non-living things:
nickel and chromium combined with steel produce stainless steel. Unlike steel alone, it is rust and tarnish
resistant. And bricks combined together in various ways can make a house or a bridge or some other
useful structure. Individual bricks cannot.

Similarly, combinations of living things can also do things that individuals cannot: amino acids, the
building blocks of proteins, are unable to regulate chemical reactions in the cell by themselves. But when
combined to form protein enzymes, they can control and manipulate other atoms and molecules,
determining how they react and what larger molecules are constructed in the cell. A flock of birds or a
troop of baboons is able to detect stalking predators that individuals are unable to. And combinations of
cells in our bodies form tubes to carry blood, teeth that enable us to chew food, and many other useful
structures that individual cells cannot.

Cooperative combinations can also have significant evolutionary advantages because of their larger
scale. For example, larger-scale organisms can have adaptations that are more complex. A bacterium
could not evolve a brain as complex as ours. This level of complexity was possible only after billions of
cells teamed up to form multicellular organisms. Larger scale can also provide power over smaller groups,
over individuals of the same species and over individuals of other species that are used for food. Larger-
scale human groups are generally better at defending and taking territory. Many animals combine in
groups to chase off predators that would easily overpower a single individual. Predators such as lions and
dogs that combine to hunt as groups are able to round up and kill larger and faster prey than they could as
individuals. And males in a number of species including dolphins and baboons often team up to successfully
fight for sole access to females6.

But more importantly, the ability to form larger-scale cooperative groups enables organisms to manage
and manipulate their environment over larger scales. Large human organisations can operate mines,
build dams and establish communications networks of a scale unimaginable to small bands of earlier
humans. A human social system organised on the scale of the planet is likely to be able to develop the
capacity to prevent large asteroids from colliding with the planet. Dinosaurs and bacteria have been
unable to adapt on a sufficient scale to do this. In general, multicellular organisms can cope successfully
with larger-scale environmental threats than can single celled organisms. And single cells can adapt to
larger-scale threats than could the first living molecular processes.
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A further very general advantage of cooperation is that it can prevent the harmful effects of destructive

competition. Non-cooperating individuals pursue their own interests even where this damages the interests
of others7. A population of such individuals will damage each other’s interests, and all will loose. Obvious
examples are fighting between animals over food and territories and the chemical warfare waged between
plants over places to live. Competition between rabbits on an island can result in the destruction of all
food sources, resulting in the death of the rabbit population. Pollution is another example. A company
that seeks only to maximise its profits will engage in activities that degrade the environment if this
produces the highest profit.

The advantages of cooperation mean that a whole world of new adaptive opportunities is opened
whenever living processes team up to form a cooperative organisation. This has clearly been the case
when molecular processes teamed up to form cells, when cells teamed up to form multicellular organisms,
and when humans teamed up to form social systems. Each of these levels of cooperative organisation has
been able to conquer new environments and develop adaptations unknown to the levels that preceded
them. We can be sure that new evolutionary opportunities will also be opened up as human organisation
expands to the scale of the planet and beyond. Exactly what these new opportunities will be, we cannot
know with certainty. The adaptive opportunities that were opened up by the move from single cells to
multicellular organisms are unimaginable from the point of view of a single cell and its life experiences.
What could the trunk of an elephant, the wings of a bird, the heart of a deer, or a jet aircraft possibly mean
to a cell? But what we can know with certainty is that by expanding the scale of human cooperative
organisation we will open up greater adaptive capabilities. And as we shall see in later chapters, it will
increase the chances that humanity can play a significant role in the future evolution of life in the universe.

The evolutionary advantages of cooperation are significant. Wherever evolution is able to exploit
these advantages by organising cooperation, it will do so. There are two key reasons why the evolution
driven by these advantages is likely to be progressive: first, the advantages of cooperation are general.
They apply to cooperation between any living processes. They do not depend on the existence of any
special local circumstances or conditions. Any organisms, whether of the same species or not, can benefit
from the evolution of suitable cooperative relationships between them. Whatever the evolutionary
challenges faced by organisms, they can meet them more effectively through cooperation.

This brings us to the second reason why the advantages of cooperation can drive progressive evolution.
They can do so because the advantages continue to apply no matter how large cooperative organisation
becomes. The advantages do not cease once cooperative organisation reaches a particular scale. Further
increases in cooperation will deliver further evolutionary advantages. Increases in the scale of cooperative
organisation did not stop providing advantages once cooperation reached the scale of a single cell, or the
scale of multicellular organisms, or of human villages. In all these cases, the potential benefits of
cooperation between organisations of the largest scale continued to drive the progressive evolution of
cooperation.

Currently, the potential benefits of increased cooperation are expanding human organisation to the
scale of the planet and beyond. There is every reason to believe this expansion will continue. No matter
what the scale of cooperative organisation, greater benefits will be achieved by further increases in scale,
whether by the expansion of existing organisations, or by the evolution of cooperation between
organisations of the largest scale. Living processes that cooperate over the scale of a solar system will
have much greater adaptive capabilities and opportunities than us. But their abilities will be far inferior
to organisms that cooperate to manage the matter, energy and living resources of a galaxy. The potential
benefits of cooperation can be expected to continue to drive increases in the scale of cooperative
organisation at least until the universe is organised into a single cooperative organisation of living processes.

However, the potential benefits of cooperation can drive progressive evolution only to the extent that
evolution is capable of exploiting the benefits. If evolution is unable to find ways to make cooperation
work, progressive evolution will stall. This is a serious difficulty if the views of many mainstream biologists
are correct. Most evolutionary theorists believe that evolution is very poor at organising cooperation, and
that self-interested organisms will usually win evolutionary struggles. Consistent with this, there are
many instances in the world around us where evolution seems unable to organise cooperation. In the next
Chapter we will look at barriers to the evolution of cooperation that have been identified by evolutionary
theory, and see what implications the barriers have for progressive evolution.
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Barriers to CooperationBarriers to CooperationBarriers to CooperationBarriers to CooperationBarriers to Cooperation

IIIII f cooperation is so good, why isn’t it universal? If cooperative organisations are better in purely
evolutionary terms, if they are able to out-compete non-cooperators in evolutionary struggles, why are
we surrounded by so many examples of animals that aren’t cooperating? Why haven’t the potential
benefits of cooperation that we discussed in Chapter 3 already driven the evolution of cooperation amongst
all living things?

We humans are obviously only partial cooperators. It is true that human economies can be spectacularly
cooperative with an extraordinary specialisation and division of labour. It is also clear that internally,
within our own bodies, we are cooperative all the way down. But anyone who tries to convince us that
humans are always cooperators has a hard job in front of them.

The 20th century has seen millions killed in the largest wars in human history. Hundreds of millions of
people in the world are chronically underfed, even though there are sufficient resources to feed us all.
Millions die each year as a result1. Thousands of millions will live and die without having any chance to
obtain the knowledge and skills needed to participate effectively in a modern economy. They will not
share in the understanding of the world and of ourselves that has been made possible by the growth of
human knowledge. They will live and die without fulfilling the potential for personal development and
self-awareness that is possible at this time in the evolution of humanity. And individuals, corporations
and countries continue to pollute and degrade our environment even though they know they are damaging
the lives of others, now and into the future.

On a smaller scale, most of us do not feel that we are cooperators. There are strict limits to what we are
prepared to give up for the common good. We know that tens of thousands die each year from starvation.
But most of us will not sacrifice much to save any of them. We do not do for others what we would have
them do for us.

We are very choosy about whom we will cooperate with: we are more comfortable cooperating with
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people who are likely to return any favours and to share the benefits of cooperation with us. So we
cooperate more with family, friends and people we know we can trust. We are far more wary about
cooperating with strangers. Before we do so, we want to be sure the strangers are trustworthy, or are put
in a position where they will not take more than their fair share of the benefits of cooperation. For
example, where the cooperation is a business venture we might insist on an enforceable contract, or that
the investments and profits are not solely under the control of the stranger.

The other animals about us cooperate even less than we do. Like us, each of them is a cooperative
organisation of smaller-scale living processes. But very few animals cooperate with each other. There is
little cooperative organisation amongst the members of most species of earthworms, snails, crabs, prawns,
spiders, insects, fish, frogs, snakes, lizards, birds or mammals. There is some cooperation between parents
and offspring, but little beyond this. And in the few cases where cooperation is more extensive, it is
nowhere as complex as the cooperative division of labour found within the bodies of individuals and
within human society. Even ant societies have differentiated into at most four different types of ants.

If cooperation is so good, why is cooperation between animals so scarce and underdeveloped? There
is no controversy amongst evolutionists about the answer. Cooperation does not evolve easily. There is a
fundamental barrier to the evolution of cooperation. Why is this so?

In most circumstances, the only features that natural selection will produce in animals are those that
benefit the individual. No matter how much a feature benefits the group or the species, it will not evolve
unless it also benefits the individual. So if a feature causes an animal to help others without any benefit
to itself, the feature will die out. And it will die out even if the benefits provided to others far outweigh
the costs to the cooperator2.

The reason for this is simple. The only way the gene that causes an individual to be cooperative can
survive in a population is by reproducing successfully. For this to happen, the gene must cause individuals
who carry it to have greater numbers of successful offspring than individuals that do not carry it. If the
cooperator gene does this, the numbers of individuals in the population that carry the gene will increase,
until eventually all will be cooperators. If it does not do this, non-cooperator genes will do better, and
cooperator genes will die out.

So what will happen to a cooperator gene that causes its carriers to use resources to help others
without benefit to themselves? How will it do in competition with non-cooperators who use the same
resources to help themselves rather than to help others? There is no doubt that the cooperator’s ability to
survive and reproduce will be inferior to non-cooperators, and the cooperator gene will die out.

The more the cooperator sacrifices its own interests to help others, the worse it will do and the quicker
it will die out. And cooperator genes will die out no matter how superior the advantages of cooperation.
In fact, the more efficient and effective cooperation is at providing extra benefits to others, the worse the
cooperator will do. This is because some of the others it helps are likely to be non-cooperators. And the
more the cooperator helps its competitors, the worse it will do in comparison.

Evolutionary struggles tend to be won by genes that cause individuals to put their own interests ahead
of the interests of others. The useful effects that an individual has on others will not improve its own
competitive ability. Only the effects it has on itself will do this. This essentially is the ‘selfish gene’
perspective that has been argued so persuasively by writers such as Richard Dawkins3 and George
Williams4.

They have shown that there is a fundamental barrier to the evolution of cooperation amongst animals
that can be overcome only in limited circumstances. Even though cooperation can provide significant
advantages, the genetic evolutionary mechanism is not very effective at exploiting them. The ‘selfish
gene’ perspective can successfully explain why we see only limited cooperation amongst animals.

The conclusions of the ‘selfish gene’ perspective are an important part of my demonstration that the
potential benefits of cooperation can drive progressive evolution indefinitely. If evolution could rapidly
exploit all the benefits of cooperation amongst living processes, there would still have been a period of
progress towards increasing cooperation, but it would have been short-lived. The potential benefits of
cooperation would soon have been exhausted. The potential would not have been on-going in the way
needed to drive indefinite progress. Paradoxically, the reason why cooperation continues to be so important
in the evolution of life is that it does not evolve easily.

But as we discussed briefly in Chapter 3, the barrier also presents a direct threat to progressive evolution.
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Evolution will not progress if the barrier to the evolution of cooperation is insurmountable. This threat is
even greater once we recognise that the barrier to the evolution of cooperation does not apply only to the
animals we see around us. It is not just genetic evolution that is restricted by the barrier. The ‘selfish
gene’ perspective can easily be extended to show that a similar barrier applies to the evolution of
cooperation amongst all other living processes. It applies to cooperation amongst human organisations,
individual humans, single cells, and molecular processes5.

As is the case for the animals around us, evolutionary struggles amongst other living processes will be
won by individuals that put their own interests first and foremost. Those that sacrifice their own interests
for the interests of others will die out. The advantages of cooperation can be exploited only where
evolution finds a way around this barrier. As we shall see in detail later, cooperation emerges only where
evolution discovers how to build cooperative organisations out of self-interested components.

A number of examples will illustrate how the barrier to the evolution of cooperation applies to these
other living processes.

Consider human corporations that sell their products in a highly competitive market. The corporations
that are less efficient will tend to be out-competed, and will go out of business or be taken over. What will
happen if the most efficient way corporations can make their products also pollutes the environment?
Any corporation that cooperates with the community by reducing pollution will be less efficient and will
go out of business. The corporations that pursue only their own interests will be more competitive, and
will pollute. No matter how good the intentions of a corporation, it cannot stop polluting if it is to
survive. And it does not matter whether it is run by responsible people who genuinely care about the
environment. All they will achieve if they steer the corporation towards environmental responsibility is
to send it broke.

The so-called “free rider problem” undermines cooperation in many human activities6. For example, it
prevents businesses in an industry from cooperating together to train sufficient employees for the industry.
If an industry is to be successful and to expand, enough workers must be trained in the general skills
needed in that industry. However, businesses that make the investment needed to train employees can
have their trained employees poached by other companies. This will often happen before the businesses
have got a good return on their investment in training.

Free rider companies will rely on other businesses to train the skilled employees they need. Free riders
will end up in front because they can get trained employees without paying the high costs of training. In
contrast, companies that train can end up having paid for training without being able to hold onto trained
employees. To remain competitive, more and more companies have to reduce their general training as
much as they can, and join the free riders. Businesses that train for the good of the industry will be at a
competitive disadvantage. As a result, the industry as a whole trains insufficient workers, and increasing
numbers of businesses suffer shortages of skilled employees. And there is nothing any individual business
can do about it if it is to remain competitive.

Free riding also undermines the ability of employees to band together to bargain with their employers
for higher wages and better conditions. Any improvements won by the bargaining will apply to all
employees. So free-riding employees will benefit even though they do not lose wages in strike action,
and do not risk retaliation from their employer. Again, the result is that the free riders win out, and
cooperation is undermined.

Free riding occurs wherever individuals, whether they are molecular processes, cells, animals, humans
or organisations of humans, can get the benefits of cooperation without contributing to its costs. Free
riders will always end up ahead of cooperators who use energy or resources by cooperating. Wherever
free riding is possible, it undermines cooperation.

Cells provide further examples. Cells that put their own success first will out-compete cooperative
cells that sacrifice their own interests. Consider a number of cells that are teamed up to form a group. To
take full advantage of the benefits of cooperation, the cells must develop a cooperative division of labour,
with different cells specialising in different functions. However, once a cell significantly changes its
structure and function to become an efficient specialist, it will no longer be able to reproduce to form a
new organisation of cells. If a cell is to start a new group of cells, it must be able to differentiate to form
all the types of cells in the new group. A cell that is already highly differentiated will not be able to do
this. Only a cell that is non-specialised can start a new group and produce all the specialised cells.
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So cells that help the group by specialising give up their chance of contributing to future generations.

They will be unable to found new groups. As a result, they will not appear in the next generation, and will
die out. They will be out-competed by less specialised cells that contribute less to the group but retain the
chance of establishing new groups. No matter how beneficial to the group, specialisation and differentiation
will not evolve because it is not in the interests of individual cells. The great American evolutionary
theorist Leo Buss has argued convincingly that a strong division of labour was not possible within
multicellular organisms until this barrier to cooperation was overcome7.

Another example involves the mitochondria, the organelles inside modern cells that release and convert
energy for the use of the cell. It is now widely accepted that mitochondria are the descendants of free-
living bacteria that took up residence within cells8. To a certain extent, the first mitochondrial bacteria to
live inside cells had interests in common with their hosts: the bacteria could do useful things the cell
could not, so they could make the cell more efficient. The cell provided food and a protected environment
for the bacteria. And if the bacteria helped the cell to do better, the bacteria did better as well.

But the very close cooperative relationship that exists between mitochondria and modern cells has not
been achieved by either sacrificing their interests to the other. In fact, there is clear evidence that
mitochondria which do not put their interests before those of the cell will be out-competed by mitochondria
that do. And this is true even if the self-interest actually damages the interests of the cell9.

Consider the following example: in most multicellular organisms, an individual obtains all its
mitochondria through the egg cell from its mother10. The sperm cell from the father usually does not
contain any mitochondria. So, from the point of view of mitochondria, the production of male offspring
is a waste of time and resources. The mitochondria that a female passes to a son will not be passed to his
offspring. They will die with the son. In contrast, the more daughters that a female produces, the more
mitochondria it will pass to the next generation. If a female puts all its energy into producing daughters,
its mitochondria will do better, and will increase in numbers in the population.

Of course, it is not in the best interests of the organism itself to produce only daughters. Its genes will
generally do better if it produces an equal number of sons and daughters. But the interests of the organism
has not stopped mitochondria in a number of species from manipulating their host organism to produce
a higher proportion of females. For example, in some hermaphrodite plants, the genes of the mitochondria
operate to inhibit the development by the plant of male pollen, and instead enhance the production of the
female seeds that pass mitochondria to the next generation11. These mitochondria will out-compete any
mitochondria that cooperate with the plant and do not pursue their own interests at the expense of the
plant.

Self-interest is also the best strategy for molecular processes that reproduce and compete. We will
consider the case of autocatalytic sets formed of protein molecules. Such sets are thought to be very
important in the origin of life because they are probably one of the simplest ways in which protein
molecules can get themselves replicated12.

The basic members of an autocatalytic set are protein molecules that are able to catalyse each other’s
production. That is, they are able to speed up reactions that might not otherwise occur at a significant
rate, and these reactions produce protein molecules that are also members of the set. Catalysts can do this
by collecting together smaller molecules and holding them in positions in which they are likely to react.
In this way they can organise reactions that would be extremely improbable if they occurred only by the
chance meeting of the smaller molecules.

The set as a whole becomes autocatalytic and self-replicating when the formation of every member is
catalysed by some other member of the set. Every member of the set gets reproduced by the catalytic
activity of other members of the set. Once a set of protein catalysts links up in this way, it gains the ability
to reproduce itself and its members indefinitely through time. This would be the case even though none
of the members could survive indefinitely alone.

The particularly exciting thing about autocatalytic sets is that they form very easily. American biologist
Stuart Kauffmann has shown that once you get a mixture of proteins that contain enough different types
of proteins, it is likely that they will form a self-replicating autocatalytic set13. The chances are that the
mixture will contain a set in which each component is catalysed by another component. These different
proteins do not have to be specially selected. Even if they are chosen at random, if there are enough of
them they are likely to include an autocatalytic set.
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So once you get enough different proteins together, self-replication will arise easily. And the formation

of these mixtures of protein should not be a rare and improbable event on a planet such as ours. On this
basis, Kauffmann argues very persuasively that the fundamental step in the origin of life is easily taken,
and is highly probable on this and other suitable planets.

Once a number of these sets form in a particular location, they will compete with each other for the
resources needed to build the members of the set. The most competitive sets will win out. However,
within the set itself, cooperative molecules that contribute most to the competitiveness of the set as a
whole will not necessarily survive. They will be out-competed by molecules that are better at looking
after their own interests, even where this damages the interests of the set as a whole14.

For example, consider a cooperative catalyst that greatly improves the effectiveness of the set as a
whole. It does this by catalysing the production of a molecule used in the construction of many other
components of the set. But it will not survive in the set unless its own production is catalysed, no matter
how useful it is to the set as a whole. And it will be out-competed by a similar molecule that uses its
catalytic ability to further its own interests instead of the set’s. Self-interested molecules do not catalyse
molecules that are widely used in the set, but of no use to themselves. Instead they catalyse the production
of molecules that in turn catalyse the reproduction of the self-interested molecules themselves.

We can conclude confidently that the barrier to the evolution of cooperation applies to all living
processes. The circumstances that cause it are universal. Individuals who use resources to help others
without benefit to themselves will be out-competed. They will be disadvantaged compared with those
who use the resources for their own benefit. And the barrier applies no matter what the evolutionary
mechanisms that adapt and evolve individuals. In the examples we have considered, the barrier has
applied whether the evolutionary mechanisms are those that adapt corporations, individual humans,
other multicellular organisms, single cells, or autocatalytic sets.

This barrier makes it difficult for evolutionary mechanisms to take advantage of the potential benefits
of cooperation. It makes it difficult, but not impossible. If the barrier completely prevented the evolution
of cooperation, evolution would not progress. But as we shall see in the next three Chapters, the barrier
is not insurmountable. Evolution can exploit the advantages of cooperation by finding ways to make
cooperation pay for the individuals who cooperate. To evolve, cooperation must be organised so that it is
in the interests of individuals.

So if evolution is to progress, it must meet this central challenge: it must discover ways of building
cooperative organisations out of self-interested components—it must learn how to make it in the interests
of individuals to cooperate.

As we have seen, evolution has had great success at this already. It has discovered how to build
complex cooperative organisations of molecular processes and highly cooperative organisations of cells.
Evolution on earth has been progressively producing cooperative organisations of wider and wider scale.

But so far evolution has had only limited success in building cooperative organisations of greater scale
than multicellular organisms. To date, human society is as far as it has progressed. However, as we have
seen, human organisation is nowhere near as spectacularly cooperative as the components of cells and as
the cells within animals. The potential for beneficial cooperation amongst humans and other organisms
on this planet is far from exhausted, and will continue to drive progressive evolution. We are only a step
along this way. We are evolutionary work-in-progress. And as we shall see in detail, evolution’s next
great challenge on earth is our challenge. To progress, evolution must discover ways to expand and
improve cooperative organisation on this planet. Whether this occurs in the near future depends on us.
The only evolutionary mechanisms on earth that are capable of discovering these improvements operate
through our minds and our social systems.

In the next Chapter we will begin to look at how past evolution has found ways to overcome the barrier
to the evolution of cooperation. We will see how evolution has repeatedly discovered ways to build
cooperative organisations of living processes out of self-interested components. In later Chapters we will
use this understanding to see how humanity can build larger-scale cooperative societies that can further
exploit the advantages of cooperation to achieve future evolutionary success.
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CCCCCooperation enables living processes to do better in evolutionary terms. Whatever evolutionary challenges
they face, organisms will do better by cooperating. And the wider the scale of the cooperation, the more
effective it is—the greater the power the cooperators will have over their environment, living and non-
living. When evolution discovers ways to increase the scale of cooperation, life progresses in evolutionary
terms.

But cooperation does not evolve easily. Self-interest stands in the way. Wherever cooperation has
evolved, this impediment has had to be overcome. If we are to demonstrate that evolution can progress
by organising cooperation over wider and wider scales, it is not enough to show only that wider-scale
cooperation delivers evolutionary advantages. We must also show that evolution is capable of organising
cooperation to exploit the advantages. How has evolution got around the barrier to the evolution of
cooperation? How has it built cooperative organisations out of self-interested components? And can
evolution continue to progress in this way in the future, building cooperative organisations of even larger
scale?

Until recently, when evolutionists have attempted to answer these questions, they have focused on the
obvious and simple instances of cooperation that we see around us. They have concentrated on the
limited cooperation we see amongst multicellular animals such as mammals, birds and insects. It is only
in the last decade or so that much work has been done on the evolution of the more complex cooperation
found within cells, within multicellular organisms, and within human society1.

Evolutionary theorists have been very successful at explaining the limited cooperation that exists
amongst some multicellular organisms. Theorists have shown that there are a number of mechanisms
that will enable simple cooperation to evolve amongst these animals. And they can explain why the
mechanisms have produced cooperation only amongst a relatively few species. Current evolutionary
theory is good at showing why most of the animals we see around us do not cooperate much.
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As might be expected, the mechanisms are not so good for explaining the evolution of the spectacular

cooperation we see within cells, multicellular organisms, and human society. The mechanisms do not
disclose a general method for organising cooperation amongst self-interested components that would
work for any living processes in any circumstances. The mechanisms are therefore not much help in
showing how to build human organisations that are more cooperative.

However, the discovery of these mechanisms has been an important step towards a comprehensive
theory of how evolution can overcome the barrier to cooperation. While the mechanisms are not a
comprehensive answer, they point to the direction in which a general answer might lie.

The first major breakthrough in understanding how cooperation might evolve between multicellular
animals came with the publication of William Hamilton’s theory of genetical kin selection in 19642. The
central idea in the mechanism he described is very simple: consider a cooperator who shares its food with
others who have not been able to gather enough. If the cooperator shares food only with other individuals
who contain copies of its cooperator gene, the benefits of cooperation will go only to other cooperators.
Only those who carry the cooperator gene will benefit. Non-cooperators will be excluded from any of the
advantages of cooperation.

Provided the benefits of cooperation outweigh the costs, cooperators will end up in front, and will out-
compete non-cooperators. Even if an individual cooperator ends up worse off because it pays the costs of
cooperation and gets no benefits, cooperator genes will be better off overall—a copy of the gene will also
be carried by the individuals who get the benefit of cooperation. The full benefits of cooperation will be
captured by the cooperators, the barrier to the evolution of cooperation will have been overcome, and the
potential advantages of cooperation can be exploited.

Of course, the catch is that individuals cannot tell easily which other individuals carry the cooperator
gene. So they are unable to direct their cooperation only towards others who carry the cooperator genes.
Some of the benefits will leak to free riders and other non-cooperators, enabling them to do better than
cooperators.

Hamilton saw that there was a partial way around this. If an individual carries the cooperator gene, its
relatives are more likely to carry the gene. So if you are a cooperator, and you also know who your
relatives are, you know individuals who are more likely to be cooperators. And you do not even have to
know exactly who your relatives might be. If you are an organism that tends to live its life near where it
is born, you can be sure that those around you are more likely to be your close relatives.

But the less certain you are about who else carries a copy of your cooperator gene, the less effective is
kin selection at evolving cooperation. For example, if you carry a cooperator gene, there is only a 50 per
cent chance that your brother or sister also has the same gene due to relatedness. So if you provide some
resources to a brother or sister, you are denying your cooperator gene the value of those resources, in
exchange for only a 50 per cent chance that the resources will be going to a related cooperator gene. If the
cooperator genes are to end up in front, you would help a brother or sister only if the benefits of the
cooperation outweigh the costs by at least two to one. When you help a brother or a sister, there is a fifty-
fifty chance you will not be helping a related cooperator gene. So on the 50 per cent of occasions when
the brother or sister does carry the cooperator gene, you have to get double the return. You have got to
make up for the 50 per cent of times when the cost of cooperating is wasted.

To take a starker example, consider a cooperator who sacrifices its life to help its brothers and sisters.
On average, it would have to save at least two of their lives to be sure that it was saving at least one
related cooperator gene to replace its own.

The more distantly-related the individuals, the worse this gets. The pay off from cooperation has to be
even higher for cooperation to come out in front. For example, it is worth helping a first cousin only if the
benefits produced by the cooperation outweigh the costs by at least eight times. On average, there would
be one related cooperator gene in eight first cousins. An individual cooperator should sacrifice itself for
a first cousin only if it saves at least eight of them.

As a result, kin selection is a very poor mechanism for evolving cooperation. Because relatedness is an
imperfect indicator of common genes, kin selection can evolve cooperation only where the benefits from
cooperation far outweigh the costs. This leaves an immense amount of beneficial cooperation that cannot
be evolved by kin selection. If a mechanism is to be able to fully explore the benefits of cooperation, it
must be able to establish any cooperation in which the benefits outweigh the costs. Kin selection falls far
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short of this. Without these severe limitations, kin selection would have been much better at organising
cooperation amongst the animals around us. The potential benefits of cooperation would have driven the
evolution of a complex division of labour within each population of animals, similar to what we see
within our societies, our bodies, and our cells.

But as a theory, kin selection has been very successful. The ineffectiveness of the kin selection
mechanism is consistent with the sparse and limited cooperation found amongst multicellular animals.
And where there is cooperation, the way it is organised is consistent with kin selection. Much of the
cooperative organisation we find amongst the animals around us is between relatives3.

The most common is where parents provide food and protection to their young. But parents are not the
only individuals that help to bring up young in some species. In a number of bird species, eggs are
incubated and young are fed by birds that are often not their parents. An example that has been studied at
length is the Mexican Jay that lives in flocks of five to fifteen in pine and oak woodlands. Each flock
defends a territory as a group, actively excluding other flocks. At each nest most or all of the members of
the flock help bring food to the young. Birds that are not parents typically bring about half of the food4.

Why do these birds cooperate in this way? Surely they would be better off in evolutionary terms by
eating the food themselves, and putting their time and energy into starting up their own families? Kin
selection provides the answer to this. The individuals within each flock are highly related, and the
cooperators are in fact helping others that have a higher likelihood of carrying their cooperator genes.

Similar patterns are found in other birds that breed communally, including Australia’s superb blue
wrens, and white winged choughs5. High relatedness is also a universal within the cooperative hunting
groups of African lions, wild dogs, and spotted hyenas, and within the groups of savannah baboons and
many species of monkeys that collectively defend against predators6. And the highly cooperative colonies
of ants, termites, and bees are invariably formed of individuals that are closely related7.

The second mechanism that enables cooperation to evolve between animals is reciprocal altruism8.
Again, the basic idea is very simple: an individual will not be disadvantaged if it helps another provided
the other helps it in return. The individual’s initial costs of cooperating will be recouped when the other
returns the favour. If the benefits of cooperation outweigh the costs, both individuals can end up in front.
The cooperators will therefore out-compete individuals that don’t reciprocally help each other in this
way.

For example, when an individual is successful in collecting food, it might share it with others who
have not been so lucky. On occasions when others are more successful, they can return the previous
favour by sharing their food. Over time, all will be better off than if they did not share.

Exactly this sort of cooperation has been found in South American vampire bats9. Each night the bats
leave the hollow trees where they spend the day to search for large animals. If a bat finds an animal, it
will attempt to feed on the animal’s blood. But there is no guarantee that an individual bat will successfully
find and feed off an animal every night. Young inexperienced bats are unsuccessful about one night in
three. If they have a few bad nights in a row, they can be in danger of starving. This danger will be
avoided if the bats that hole up together share blood. Those that have been successful regurgitate some
blood for others that have missed out. Because all bats risk having nights on which they fail to get blood
themselves, they can all benefit from this cooperation.

But closer study of the bats showed that any particular individual would not regurgitate blood for all of
the other individuals. It would give blood to some, but not to others. And those who got the blood were
not necessarily close relations, as would be expected if kin selection were operating. It turned out that
those who were given blood were bats who had given the individual blood in the past. And those who
were refused blood were those who had previously refused the individual blood. The bats knew each
other as individuals, knew who were likely to return favours and who were not, and chose to give blood
only to those who were likely to reciprocate.

A closer understanding of reciprocal altruism and of its limitations shows that the bats have to be this
choosey. In fact, reciprocal altruism cannot be established in a group of organisms unless they are capable
of refusing to cooperate with individuals that fail to return favours. If an individual continues to do
favours for others that do not return the favour, the non-reciprocators will win out. An individual that
cheats by receiving favours but not repaying them will gain all the benefits of cooperation without
paying any of the costs. And if a cheat is within a large population of cooperators, it will do extremely
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well, collecting favours and never returning them. In these circumstances, cheats will prosper, increasing
in numbers in the population until all cooperators die out. In such a group, the most competitive strategy
will be to accept favours but not reciprocate. Reciprocal altruism will not survive, even if its benefits far
outweigh its costs.

However, all this changes if the individuals live together for a long time, repeatedly have the opportunity
to exchange favours, and have the capacity to remember which individuals return favours, and which do
not. If these conditions are met, cheats will not be able to continually take benefits from the cooperators,
because they will be recognised as cheats and excluded from further cooperation. Once this happens,
they will not gain any of the benefits of cooperation. In contrast, cooperators will end up in front because
they will limit their exchange of favours to those who have shown they will return the favours. If they
cooperate in this way whenever the benefits outweigh the costs, cooperators will out-compete cheats10.

But it will rarely be this simple. It might pay cheats to behave like cooperators for a while to extract
favours, then to quit while they are in front. Or when they have gained a reputation for cheating in one
group, they may move on to another group where they are unknown. To avoid being cheated, cooperators
will have to get very good at detecting cheats11.

Furthermore, the whole system of reciprocity works only if there is a fair balance between the favours
that are exchanged. Individuals whose favours cost more than the individuals receive in return will be
out-competed. But most animals have little ability to judge whether reciprocal favours are similar in
value. And having to do so further complicates the critically important job of telling the difference
between cheats and cooperators.

All these challenges become almost impossible when acts of cooperation benefit many others, and
impact differently on each of them. If a cooperative act benefits a number of others in the group, rather
than a specific individual, it is much harder to work out who owes who what, and how much. But unless
individuals can keep track of all this, cheats will flourish

The great advantage of reciprocal altruism over kin selection is that it can evolve cooperation between
individuals who are not related. However, the conditions under which it works are so limited that it has
not been very significant in establishing cooperation between animals. Not many animals live together
for long periods, repeatedly have the opportunity to cooperate, are able to recognise each other as
individuals, can remember how each individual behaved each time it had the opportunity to cooperate,
and can keep track of favours owed and favours earned. Cases of reciprocal altruism have been found
only in a few species of animals such as vampire bats, dolphins, and elephants, and in some species of
monkeys and apes12.

Of course, the species that meets these conditions to the highest degree is us. And the theory of
reciprocal altruism fits very well with the way we relate and cooperate with people that we meet repeatedly.
It works well for explaining key aspects of the cooperative relationships between people in tribal groups,
closely knit communities, and in friendship networks and other stable social groupings.

The theory predicts that successful reciprocal altruists will have two great concerns in their relationships
with others. First, they will not want to be cheated by others, so they will want to know who can be
trusted to return favours. Second, they will want others to choose them as cooperative partners, so that
they can share in the benefits of cooperation. They will want others to see them as trustworthy cooperators.
They will not want to be seen as a cheat that should be excluded from beneficial cooperation13.

Consistent with this, we humans have many behaviours that seem to serve the function of protecting
us against cheating. For example, we tend to have an extraordinary interest in judging other people’s
trustworthiness and honesty. A major part of gossip and other social communication involves swapping
information that helps us to make and update these judgements. We are also reluctant to risk cooperating
with strangers when we have no knowledge of their reputation and character. We are even more reluctant
when we know the stranger does not depend on us for future cooperative opportunities. In these
circumstances, they will lose little if they destroy their reputation with us.

We are also very concerned to protect our own reputation for trustworthiness and honesty, particularly
amongst those that we spend a lot of time with. We often react instantly and emotionally to any attack on
these aspects of our character. Most of us are also concerned to ensure that we are seen to treat our
friends fairly whenever there are things to be shared, and that we repay our obligations to people we
know. And we do not want to enter into obligations with friends that we might not be able to repay.
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But even amongst humans, the capacity of reciprocal altruism to establish cooperation is severely

limited, even where cooperation produces substantial benefits. As we have seen, reciprocal altruism will
work only where cheats can be successfully excluded from future cooperation. This will not be the case
if cheats can easily find other individuals to deal with who know nothing of their previous actions. It is
only where individuals have no option but to continue living and interacting together for long periods
that cheating will not pay. If an individual earns a reputation for cheating in these circumstances, it will
not find other cooperators to deal with.

This condition is not generally met in modern large-scale economic markets. Individuals can readily
leave a bad reputation behind them, and find new individuals to deal with who are unaware of their
previous actions. Reciprocal altruism is therefore not the mechanism that has produced the large-scale
markets that organise economic exchanges across human societies.

The other great limitation of reciprocal altruism is that it is only effective where the benefits of
cooperation can be neatly parcelled up, precisely valued, and swapped between individuals. Where the
benefits of a cooperative act impact on many individuals, reciprocal altruism cannot operate easily14.
This is a significant limitation. In the complex, differentiated cooperative organisation that are cells,
organisms, and human societies, most cooperative acts impact on many others in the organisation. It
would be impossible to separate out the effects and keep track of them as favours that have to be returned.
And if favours are not returned with acts of similar value, reciprocal altruism fails.

So genetical kin selection and reciprocal altruism are not the mechanisms that have enabled evolution
to explore the potential benefits of cooperation within cells, multicellular organisms, and human society.
And they are not the mechanisms that will change humans from partial cooperators into full cooperators.
They can achieve only limited cooperation under restricted conditions. If kin selection and reciprocal
altruism were the only mechanisms that evolution could use to organise cooperation, evolution would
not be progressive. It would not be able to exploit the benefits of cooperation by progressively building
cooperative organisations of wider and wider scale.

But kin selection and reciprocal altruism do hint at a more general way of building cooperative
organisation out of self-interested components. Where they are effective, both mechanisms establish
cooperation in the same way. They ensure that cooperators benefit from their cooperation. The mechanisms
work to the extent that cooperators are able to capture the benefits created by their cooperation15. Kin
selection achieves this to the extent that the individual helped by the cooperator also carries the cooperator
gene. If it does, the cooperator gene captures the benefits of the cooperation. Particular cooperators may
not capture the benefits of their cooperation, but cooperators as a class will. If the cooperation is worthwhile,
its benefits will outweigh the costs, and the cooperator genes end up in front.

Reciprocal altruism works to the extent that the recipients of cooperation return the favours. If they
do, cooperators capture the benefits of their cooperation. They benefit from all of their cooperative acts,
because each will earn a return favour. If the cooperation is worthwhile, cooperators again end up in
front.

Where the mechanisms fail, both do so for the same reason. They fail to the extent that cooperators do
not capture the benefits of their cooperation. Kin selection is undermined when the individual helped by
the cooperation does not carry the cooperator gene. When this occurs, the cooperator gene will not
capture the benefits of cooperation, only the costs, and will be out-competed. Reciprocal altruism is
undermined when a recipient of cooperation cheats by failing to return the favour. When this occurs, a
cooperator will not capture the benefits of its cooperative act, only the costs, and will end up worse off
than the cheat.

This analysis of kin selection and reciprocal altruism points to what a mechanism must do if it is to be
capable of establishing cooperation whenever cooperation is worthwhile. It must ensure that cooperators
capture the benefits of their cooperative actions. Free riders, cheats and thieves who contribute nothing
to the cooperation must capture none of the benefits created by cooperation.

To overcome the barrier to cooperation fully, a mechanism must also ensure that those who harm
others capture the effects of any harm they cause. Harming others must be harmful to those who cause it.
And to organise cooperation across generations, a mechanism must also ensure that all the effects of
actions on others must be captured, no matter how distant in the future the effects may be. This is
necessary to ensure that cooperation that benefits future generations will also be profitable to those who
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produce it.

A mechanism that ensures individuals capture all the effects of their actions would completely overcome
the barrier to the evolution of cooperation. If individuals capture the effects of their actions on others,
self-interest would no longer stop an individual from helping another. Helping the other would be as
profitable to the individual as helping itself. As a result, the individual would treat the other as it would
treat itself. And it would do so without giving up its self-interest in any way. It would be in the interests
of the individual to treat the other as self16. Anything it could do to help the other would help itself.
Anything it could do to harm the other would harm itself. The individual would benefit as much from
discovering new ways to help others as it would from finding new ways to help itself directly. All this
holds true whether it is individual cooperators or cooperators as a class who capture the effects on others
of their actions.

At this point it is useful to look briefly at the difference such a mechanism would make for the examples
of failed cooperation that we looked at in the previous Chapter. Taking each example in turn, it would
ensure that: corporations that pollute would capture the harm they visited on others, causing them to be
out-competed by corporations that introduced less efficient but less harmful manufacturing processes;
businesses that trained employees would capture the benefits of producing skilled employees for their
industry; only employees who contributed to the bargaining process with their employer would obtain
any improvements in wages and conditions that were won through the bargaining; cells that specialised
to perform useful functions for the group of cells would out-compete cells that contributed less to the
group; mitochondria that harmed their host would also harm their own interests, and would be competitively
disadvantaged against other mitochondria; and protein enzymes that contributed more to the autocatalytic
set as a whole would in turn have their production catalysed by the set.

Wherever complex cooperation has been able to evolve, it is because cooperators have been able to
capture the effects on others of their actions. As a result, self-interest has driven them to treat the other as
self. A strong example that may not be immediately obvious is an economic market. The market will
reward an individual who develops a new product that benefits others by satisfying their needs better
than existing products. Selling the product enables the individual to capture the beneficial effects that the
product has on others. In the limited areas where economic markets work effectively, individuals benefit
in this way from actions that benefit others. Where the market enables individuals to capture the benefits
of their effects on others, the market aligns the interests of individuals with the interests of others.

In contrast, where the barrier to the evolution of cooperation has not yet been overcome, cooperators
do not capture the beneficial effects on others of their actions. For example, in our economic system, a
person will not capture the benefits of providing food to people who are starving in an African famine. It
would be far more profitable to invent an improved mousetrap. Or a new weapon of mass destruction.
But when the barriers to cooperation in human society are overcome, and when all individuals capture in
full their beneficial effects on others, the provision of food to the starving will be a lucrative way to make
a living.

So a mechanism that ensures that cooperators capture the effects of their actions on others would
allow cooperation to be established wherever cooperation is worthwhile. Organisms that pursue only
their own interests would act cooperatively. The mechanism would establish cooperation between
organisms whose basic nature is greedy and selfish. It could produce cooperation between lawyers and
real estate salesmen. The mechanism would enable the potential benefits of cooperation to be fully
explored and exploited amongst any living processes. It would enable evolution to progressively exploit
the advantages of cooperation, organising cooperative organisations of wider and wider scale.

This is the ideal. But is there a mechanism that can achieve this? Is there a general form of organisation
in which individuals capture the effects on others of their actions? Or is the ideal unattainable?

One general way in which cooperators could capture the effects of their actions on others is if another
individual takes action to ensure this happens. The other individual could do this by providing cooperators
with benefits that reflect the useful effects of the cooperators on others, and by punishing those who
harm others.

To see how this might work, imagine a population of organisms that are formed into a number of
unorganised groups. Within each group, the barrier to cooperation would apply. Individuals who use
resources to help others without benefit to themselves would be less competitive than non-cooperators.
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A group that contains cooperators might do better than other groups for a while, but this would not help
the cooperators. Within such a group, the cooperators would still be less competitive, and they would
still die out. Specialisation and division of labour could not evolve within a group no matter how beneficial
this would be to the group as a whole.

What would be the outcome if a group contained an individual who acted to ensure that all others in
the group captured the effects of their actions on others? The individual would provide resources and
services to cooperators to reflect the benefits of their cooperation. And the individual would punish free
riders, cheats and thieves who would otherwise take the benefits of cooperation without contributing
anything to others in the group.

Within such a group, cooperators who produced net benefits for others would end up in front. They
would out-compete free riders, cheats and lesser cooperators. Whenever a more effective form of
cooperation was discovered, it would flourish within the group. Specialisation and division of labour
would be established wherever it was beneficial.

But there is a fundamental flaw in this.
An individual who was a normal and typical member of the group would be disadvantaged if it carried

out this task of rewarding cooperators and punishing cheats. An individual who used its time and resources
in this way would be out-competed by those who instead used their resources for their own benefit.
Although the individual would be carrying out a function that would greatly benefit the group as a whole,
it would disadvantage itself in the process. It would run into exactly the same barrier as any other individual
who does things for the benefit of the group. And there would be no other individual to reward it so that
it captured the beneficial effects of its actions on others17.

The problems do not end there. As a typical member of the group, the individual would also be unable
to gather all the resources needed to reward cooperators for their contributions. When it attempted to
collect resources for this purpose the individual would be in competition with all other members of the
group. It would not be able to gather more than others.

And the individual would not have the capacity to control and punish cheats and free riders in the
group. It would not be in the evolutionary interests of cheats to be controlled and punished. They would
have a very strong incentive to escape control, and to exploit the growing cooperation in the group. A
typical member of the group would not be able to control cheats, free riders and thieves, particularly if
they ganged-up to resist control.

A typical member of the group cannot carry out the function of organising the group so that members
capture their effects on others. How could this difficulty be overcome? What sort of entity could
successfully organise the group in this way, and enable the immense benefits of cooperation to be exploited?

If the job of organising a group of humans in this way was on offer, no one would be likely to accept
the job unless they also had the power and authority needed to do it. How they got the power would not
be of critical importance. The job would probably be easier if they got the authority by the agreement of
the members of the group. But the job could also be done even if the authority was achieved by coercion,
without agreement.

This points to a general way in which these problems could be overcome, enabling the group to be
organised to promote cooperation. The entity or team of entities who organise the group must have
control over the group. It must have the power to control and manage the individuals who make up the
group. This controller, who I shall call the manager, must have the capacity to take from the group
whatever resources it needs to carry out its tasks. And it must be able to punish others without risk to
itself18.

Importantly, a manager who has this power would not be in competition as an equal with the other
members of the group. Other individuals in the group would not have the capacity to out-compete the
manager because the manager has control over them and their resources.

With this power, the manager has the ability to take whatever resources it needs to give to cooperators
to ensure that they capture the benefits of their effects on others. The manager will be able to redistribute
resources within the group to ensure that cooperation pays. And the manager will have the power to
control and punish cheats and free riders throughout the group, even when they gang up against the
manager. It can overcome all the problems that stop a normal member of the group from organising the
group to support cooperation.
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I will now develop a number of broad examples that will illustrate more concretely how this form of

organisation is able to support cooperation. I will begin with an example in which cooperation is sustained
within human organisation by the actions of a manager. Then I will look at how the management of
molecular processes and mitochondria has been able to produce the complex cooperation found within
cells.

About ten thousand years ago, humans began to domesticate plants and animals and form the first
agricultural communities. Potentially, the communities could benefit greatly from specialisation, division
of labour, and other forms of cooperative activity. For example, it would be more efficient if some
individuals specialised in making farm implements or weapons, if others trained animals for use in
transport and farming, and if others specialised in defending the community. And the welfare of the
community would be greatly enhanced if individuals cooperated together to construct irrigation systems
for farming, or to fight off enemies.

But the establishment of these and other forms of cooperation had to overcome the barrier to the
evolution of cooperation. If the barrier was not overcome, cheating and stealing would make it difficult
for specialists to get a proper return for what they produced. And free riders could avoid making
contributions to community activities such as defence and irrigation, but could still share in the benefits
produced by community projects.

As a result, cooperators would not capture all the benefits of their cooperation. And it would not be in
the interests of any individuals in the community to initiate many forms of cooperation that could produce
significant benefits to the community. The community could not exploit the immense benefits of
cooperation. However, this could be completely turned around if the community was managed by a
powerful ruler. The ruler could collect taxes off all members of the community, and redistribute these to
support useful cooperation. The ruler could pay for specialist services and fund other activities that the
ruler judged were of benefit to the community as a whole. And the ruler could punish thieves and cheats19.

A particularly wise ruler might discover a better alternative than using tax to support specialists such
as toolmakers. The ruler might find that specialists would be able to make a living by exchanging their
products for food and other services, provided they were protected from theft and from cheats who do
not reciprocate in exchanges. The ruler could provide this protection. Cheating and theft could be punished,
exchange agreements could be enforced, and disputes could be heard by the ruler and settled fairly. With
these protections, a system of market exchange would emerge.

Once a market system existed, the ruler would not have to decide the types of goods and services that
were to be produced by specialists, nor their quantities and prices. Instead, these issues would be decided
directly by producers and consumers through their interactions. The advantage is that producers and
consumers would be in a much better position than the ruler to make these decisions. The consumers
would be far better able to assess the value to them of what the specialists produced. And the specialists
would be far better placed to decide whether it was worthwhile for them to produce particular goods and
services, given the costs of doing so and the price they could get.

However, such an exchange system could not work effectively without a ruler who could manage
cheating and stealing. Without this, all that could emerge is a system of reciprocal altruism, with all the
flaws and limitations of such a system. The essential role of the manager is to patch up the limitations in
the mechanism of reciprocal altruism so that cooperators are able to capture the benefits of their acts.
And the individuals involved in the exchanges are unable to do this patching. Only managers who have
power and control over individuals can do it. As we shall see in detail later, a manager is as essential to
a market economy as it is to a centrally planned economy20.

In these ways, a manager can produce a highly cooperative organisation of humans, even if the individual
members of the organisation are purely self-interested.

The barrier to the evolution of cooperation in autocatalytic sets can also be overcome by management.
As we have seen, a protein enzyme that catalyses reactions that greatly improve the efficiency of an
autocatalytic set would not necessarily be catalysed in return by other members of the set. In fact, such a
cooperative protein could be out-competed by a similar protein that did not help the set as a whole. This
would be the case if the non-cooperator protein used its time and resources to catalyse other proteins that
in turn catalysed the production of the non-cooperator.

The management of a set by one or more RNA molecules could change this. RNA molecules could
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take control of an autocatalytic set of proteins because of their larger size, greater stability, and their
superior ability to catalyse a diversity of proteins. The RNA could use its superior catalytic ability to
cause the formation of proteins that otherwise would not exist in the set. It could use this ability to
produce cooperative proteins that are beneficial to the set as a whole. A specialist protein could be
supported by the RNA to the extent needed to reflect the beneficial effects of the protein on others in the
set.

The RNA could also produce proteins that further enhanced the ability of the RNA to catalyse other
proteins, improving its ability to control the set. And it could control cheats and free riders that take
resources from the set and are catalysed by the set without contributing anything in return. The RNA
could do this by catalysing reactions that take resources and catalysis away from the cheats and free
riders. The RNA could have as much control over what happens in an autocatalytic set as a human ruler
who controls an agricultural community.

The RNA manager could use its control over the set to ensure that each type of protein captures the
effects of its actions on the set as a whole. The manager could ensure that its support for the production
of a particular type of protein reflects the contribution of the protein to the organisation.

Management was also essential for the evolution of the close cooperative relationship that developed
between cells and the bacterial ancestors of mitochondria that began to live inside the cells. As we saw in
the previous Chapter, bacteria that put all their time and effort into helping the cell in which they lived
were not likely to have been successful. They would have had to compete with other bacteria who
instead plundered the resources of the cell, used them to breed up, then left the cell to find other cells to
plunder. These non-cooperative bacteria would free ride on any help given to the cell by cooperative
bacteria.

But cells could overcome this by controlling the bacteria inside them. A critical step was for cells to
prevent the bacteria from leaving them21. Once this option was cut off, the fate of the bacteria was much
more closely linked to the fate of the cell. Free riders that were a drain on the cell would now capture
their harmful effects because their future was totally dependent on the success of the cell and its
descendants. Free riders would lose out. Cooperators could also now capture the benefits of their
cooperative effects on the cell. The better the cell and its descendants went, the better the cooperators
and their descendants went.

Multicellular organisms had to introduce additional controls to prevent mitochondria competing within
them and undermining cooperation. A key control was to prevent the transmission of mitochondria from
males to their offspring22. As we saw earlier, mitochondria are transmitted only through the egg, not
through sperm. So all the mitochondria in the cells of a multicellular organism such as yourself are
descendants of mitochondria that came from the mother. And the mother’s mitochondria are all descendants
of those that came from her mother, and so on. There is no mixing of mitochondria from different
individuals or different lineages.

This is important for ensuring that cooperative mitochondria win out: if mitochondria are prevented
from mixing with mitochondria from other lineages, they do not have the opportunity to free ride off
them. If males did transmit mitochondria, and mitochondria from different lineages did mix, free riders
could flourish and undermine cooperation. They could free ride off any cooperative mitochondria they
were mixed with, out-competing them in the process. Then they could move on when the host reproduced,
to be mixed with a fresh lot of cooperators, and so on. The result would undermine cooperation amongst
mitochondria, and cooperation between mitochondria and the cells that house them.

There is clear evidence that different lineages of mitochondria would compete and undermine
cooperation in this way if they were mixed: often, not all mitochondria are excluded from some sperm
cells. A few include a small number of mitochondria. When such a sperm fuses with an egg cell, the
mitochondria and other organelles in the sperm are usually destroyed immediately by their more numerous
counterparts within the egg23.

But locking mitochondria into separate lineages so that they eventually capture their effects on their
hosts is not enough. Mitochondria within an individual host will still compete amongst each other to get
into the egg cells that produce the host’s offspring. And, as ever, mitochondria that put all their time and
energy into helping the host’s cells will be out-competed. Mitochondria that instead put their time and
energy solely into getting into egg cells will win out.
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A host organism will do better in evolutionary terms if it is able to manage this competition by supporting

cooperators and preventing non-cooperators from gaining any competitive advantage. The host can use
its power over its mitochondria to ensure that cooperators capture the benefits of their effects on the host,
and that non-cooperators capture the harm they cause. The relationships that now exist between
mitochondria and the cells they inhabit seem harmonious, consensual and mutual. But a closer examination
shows that this has been achieved only by the strict control of mitochondria by the cells and organisms
that house them. They can use controls to support cooperators, suppress cheats and free riders, reduce the
possibility that non-cooperators will be able to get any advantage over cooperators, and even to restrict
the likelihood that non-cooperators will arise by mutation.

Specific examples of how mitochondria are controlled by the cell that houses them include24: the rate
at which mitochondria release energy for the cell is controlled not by the mitochondria, but by factors
outside them in the cell; proteins produced by mitochondria cannot function independently—they work
only in the presence of proteins produced by the cell; a large part of the genetic material that was contained
in the bacterial ancestors of mitochondria no longer remains in the mitochondria—it is now contained in
and controlled by the cell nucleus, leaving mitochondria with little control over their own functions and,
more importantly, with little ability to change them; and finally, the genetic material that controls the
operation of mitochondrial genes and their replication is no longer in the mitochondria—the genes of the
cell control these critically important functions.

Cells have had to strictly control and manage mitochondria to ensure that the only way they can pursue
their own interests is by helping the cell. To make mitochondria manageable, their independence has
been greatly restricted, and their capacity to independently innovate and evolve has been suppressed by
the removal of much of their genetic material. So that they serve the interests of their hosts, mitochondria
have been enslaved and lobotomised.

These three examples illustrate how a manager can control a group of individuals in ways that enable
the potential benefits of cooperation to be explored. Left to themselves, a group of individuals that
interact as equals is unable to establish complex cooperative organisation. It will not be in the interests of
any member of the group to initiate this cooperation, no matter how great the benefits that it can provide.
This is because individuals will not capture the benefits of cooperation that they initiate, particularly in
the face of cheating, free riding and theft.

This all changes when an extra layer of organisation is added to the group. This extra layer is the
manager, made up of one or more entities who are able to control the group. The addition of this extra
layer converts the original organisation of equals into what can be called a vertical organisation. Extending
this terminology, the original organisation that had only one layer of organisation can be referred to as a
horizontal organisation.

The manager can use its power to organise the horizontal group in whatever way is necessary to ensure
that cooperators, free riders and cheats capture the effects of their actions on others in the organisation.
To the extent that the manager is successful in doing this, the interests of all individuals will be aligned
with the interests of the group, and individuals will treat others as they treat themselves. Self-interest will
be the same as group interest, and the vertical organisation will have successfully created cooperative
organisation out of self-interested components.

The manager of an ideal vertical organisation will be able to support and sustain whatever cooperative
arrangements are best for the group. By determining which individuals succeed in the group and which
don’t, an ideal manager will be able to construct whatever organisation is needed for evolutionary success.
The ideal manager will be able to make it in the evolutionary interests of members of the group to
undertake whatever forms of cooperation are best. There will be no form of cooperative organisation that
the manager cannot construct. Management will be able to produce any pattern of specialisation and any
form of division of labour amongst the members of the group25. The barrier to the evolution of cooperation
will be completely overcome.

It is worth emphasising that the manager must have the capacity to control the group if the manager is
to be able to organise complex cooperative organisation. If the manager is to stop cheats, free riders and
thieves, it must have power over them. It must be able to make them do things that would not otherwise
be in their interests, and they must not be able to avoid this control by influencing the manager in return.
If they can, they can escape control, and continue to undermine cooperation. This is what happens when
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criminals use bribery to influence police, and when friendships with staff undermine the ability of an
executive to manage staff in a corporation.

Individuals that are equals within a horizontal organisation obviously cannot impose the level of
control needed to stop cheats, free riders and thieves. Individuals that band together to act as a group can
achieve some control over cheats. But when they do this they are no longer acting as individuals. They
are forming a manager and a new level of organisation that can control individuals.

On closer examination, we find that even the limited forms of cooperation found between multicellular
organisms cannot arise unless cheats and free riders are restrained somehow. If cheats and free riders are
free to take advantage of cooperators, cooperation will be undermined. In the situations where cooperation
occurs amongst multicellular organisms, we invariably find that there is something about the structure of
the situation that restrains cheating and free riding. For example, in vampire bats cooperation would fail
if cheats and free riders could move from hollow tree to hollow tree to continually exploit fresh cooperators
who are unaware of their reputation. They are prevented from doing this because the bats within each
hollow tree exclude other bats from using their tree. Bats need to defend their resting-places because
good ones are in short supply, and other bats will try to take them over26.

Similarly, kin selection would be undermined in birds that breed communally if cheats and free riders
could easily join a group and take advantage of the cooperation. But, communal birds usually defend
territories to obtain exclusive access to food and other resources27. So cheats and free riders are prevented
from easily moving between groups, and closely-related birds will remain together. And finally, computer
simulations show that reciprocal altruism can evolve easily amongst colonial animals that live fixed to
rocks. With no mobility, cheats and free riders are prevented from moving freely from cooperator to
cooperator, exploiting them as they go28.

In all these cases, the factors that control cheats and free riders have not evolved because they help
cooperation get established. They have evolved for other reasons, and the restrictions they place on the
opportunities for cheating and free riding are chance side effects. So the restrictions are not tuned by
evolution to be as effective as possible at promoting cooperation, and they will not adapt to stay effective
when things change.

What vertical organisation does is take the control of cheats out of the hands of restrictions that have
evolved for other reasons. As we shall see in the next Chapter, the controls established by managers are
tuned by evolution specifically to promote cooperation. Controls that are best at promoting cooperation
will win evolutionary struggles. And evolution will adapt the controls to find better ways to support
cooperation and to prevent cheats and free riders from escaping control as they evolve.

For all these reasons, only vertical organisation has the capacity to support the extraordinary level of
cooperation we find within cells, multicellular organisms, and human society.

But all we have shown to this point is that management has the potential to promote cooperation
amongst others. Will it take up this potential? Will evolution establish managers that use their power to
organise cooperation in the way I have described? Or will evolution favour managers that use their
powers to plunder resources and services from other organisms, trampling over their interests in the
process? Why would they use their power to promote cooperation between organisms? These are important
issues for the case I am building in favour of progressive evolution. If it is not in the evolutionary
interests of managers to organise cooperation, the barrier to cooperation cannot be overcome. And unless
evolution is able to find comprehensive ways to overcome the barrier, it will not be able to progressively
build cooperative organisations of wider and wider scales.

To a person at the turn of the 20th century, the answer to these questions might seem obvious. There is
plenty of evidence from recent human history to show that if you give a person power over others, the
power is likely to be abused. Power corrupts, and absolute power corrupts absolutely. In the 20th century
individuals such as Stalin and Hitler who have had the most power seem to have been responsible for the
most human deaths and misery.

Time and time again we have seen rulers and governments sacrifice the interests and often the lives of
their people in order to stay in power. Many governments have been guilty of persecuting minorities on
the basis of their religious beliefs, ideology or race. White South Africans and Australians are notorious
for their exploitation and abuse of the indigenous peoples of their countries. And those who have the
wealth to influence governments have never been shy about getting governments to use their immense
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power to favour them over others.

And there is abuse of power all the way down, at all scales. An extraordinary number of catholic
priests have used their position to sexually abuse children, and, for most of the 20th century, the hierarchy
of their church used its power to hide these practices and to protect the guilty. Even within families,
individuals with greater power will often abuse others physically, sexually, emotionally or economically.
And anyone who has worked in a large corporation knows that executives use their power over employees
for many purposes that have little to do with the efficiency of the organisation.

These abuses have obscured the fact that the extraordinary level of cooperative organisation found
within cells, organisms and human society has been achieved only through vertical organisation. But
does this level of abuse mean that the ability of vertical organisation to establish cooperation is
fundamentally limited? Is this abuse the price we have to pay for the benefits of cooperation that can be
produced only by vertical organisation? Or is it simply that current human organisation and its obvious
flaws should be seen as part of an evolutionary progression in which the flaws will eventually be overcome?
Is this just an evolutionary stage we are going through? And if so, how will the flaws be overcome?

These are questions I will begin to answer in the next Chapter. We will see that vertical organisations
of molecular processes and organisations of cells both passed through a phase in their evolution in which
managers exploited the organisation, rather than promoted cooperation. But these phases ended when
organisations emerged that were controlled by management that has discovered how to support cooperation.
Management that used its power to organise cooperation proved superior in strictly evolutionary terms to
management that used its power to exploit the organisation. We will see that competition between
organisations aligns the evolutionary interests of the manager with the organisation. Managers that promote
cooperation do better than those that do not, because the organisations they manage are more competitive.

But competition between human societies is no longer strong enough or incessant enough to align the
interests of human rulers and governments with those of their citizens. When human groups were small
and numerous, competition was strong and continual. But as human societies grew larger and fewer,
competition between them has decreased. We will see that in the absence of strong and continual
competition, the key to the evolution of cooperative human societies is the discovery of new organisational
structures. These must align the interests of the ruler or government with those of the members of the
society. When this is achieved, a government driven purely by self-interest will manage in the interests of
the society. Abuse and exploitation will end, and the benefits of cooperation can be fully exploited. In the
later Chapters of this book we will see in detail how human societies can be reorganised to align the
interests of their government (management) with the interests of the members of the society. This will
unleash the immense advantages of cooperation for the benefit of all.
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AAAAAn organism that has the ability to control others could use its power to manage a group to establish
complex cooperative organisation. It could, but would it? Does evolution favour organisms that use their
power over others to promote cooperation between them? How could it be to their evolutionary advantage
to use their power in this way?

Or does evolution favour organisms that use their power to take what they want off others? If evolution
favours self-interest, will it not favour powerful organisms that plunder resources from others? Why
manage, when you can just take? These questions are critically important for deciding whether the potential
benefits of cooperation are capable of driving progressive evolution. If evolution cannot produce dominant
organisms that use their power to promote cooperation, managed cooperative organisations are unlikely
to arise, and evolution will be unable to progressively exploit the benefits of cooperation.

Part of the answer to these questions is found in an old saying: if you give a person a bag of corn you
feed him once, but if you teach him how to plant and grow the corn, you feed him for life. In the same
way, a powerful organism can either plunder a group of organisms once, or can manage and look after the
group so that the powerful organism can harvest benefits from the group for life.

To develop these ideas more fully, we need to return to our generalised example of a population of
organisms that are formed into groups. How will the population evolve when a dominant organism that is
able to control others arises in the population?

Initially at least, the dominant individuals that would do best would be those that use their power to get
the most food, the best opportunities to mate and produce offspring, the safest places to rest at night, and
so on. Evolution will favour those that use their power purely for their own benefit, whether or not this
has harmful effects on others.

Particularly if groups are able to accumulate food and other resources, evolution is likely to favour
dominants that move from group to group, plundering resources as they go. In these circumstances, a



The Evolution of Management             44
dominant would not restrict the amount of resources it takes in order to limit the harm it does to a group.
Any dominant that did so would be out-competed by more ruthless individuals.

But, in time, dominants may discover ways of getting other individuals to do useful things for them.
They may discover how to use their power to get others to gather food, help defend the group against
predators or other plundering dominants, or assist in producing and rearing the dominant’s offspring.
Dominants could do this by rewarding those that help them, or by forcing them to do so.

The discovery by dominants of ways to make others useful to them on an on-going basis completely
changes the characteristics that evolution will favour in dominants. It changes the evolutionary forces
that act on them. The dominants that will do better in evolutionary terms will now be those that stay with
a particular group and harvest an on-going stream of benefits from it. Evolutionary success will go to
dominants that are best at keeping their group healthy and productive so that it can continue to provide
useful benefits. Plundering and moving on becomes a losing strategy.

The success of the dominants will increasingly depend on the success of those that they control.
Evolution will favour dominants that are able to extract a stream of benefits from a group of individuals
on an on-going basis. As dominants find more and more ways of making others useful to them, dominants
will become more dependent on those they control. Increasingly the interests of dominants and the interests
of their groups will be aligned. If a dominant harms those under its control, it harms itself. If it helps
those under its control to live long and productive lives, it helps itself. The ability of the dominant to
extract benefits from the group means that it is able to capture the benefit of anything it does to improve
the capacity of the group to produce on-going benefits. A dominant will be as interested in the health and
productivity of its group as a farmer is in his crops and animals. The dominants become managers.

It will be in the interests of a manager to keep its group healthy and productive. It will limit what it
takes from the group so it does not damage the ability of the group to function and reproduce itself. And
it will be in the interests of a manager to exclude other dominants from access to its group. It will do
better by having the sole use of the resources and services that can be harvested from the group. So it will
protect the group from being plundered by other powerful individuals or bands.

As managers become better at preventing other dominants from using their group, managers become
more and more dependent on their group for their own evolutionary success. They will not be able to
leave their group and move to another. If they damage their own group, they will not be able to escape the
consequences of this by taking over another group.

Eventually, the evolutionary success of a manager will depend totally on its ability to manage the
group that it controls. It will have no evolutionary future outside the group it manages. The success of the
manager will depend totally on the success of the organisation. The manager will capture all the effects
on the organisation of its actions, good and bad, and will therefore treat the organisation as it would treat
itself. The self-interested manager will pursue the interests of the organisation as a whole. The group and
the manager will form an organisation that is a single, united evolutionary entity.

Once managers develop the ability to extract an on-going stream of benefits from a group, they can
also benefit from boosting the productive capacity of the group. And we have seen that the potential for
doing this is immense. The productive capacity of a group can be boosted greatly if cooperation is
organised within the group. We have seen that the barrier to the evolution of cooperation largely prevents
un-managed groups from doing this. But the potential benefits of cooperation can be exploited within
managed groups. A powerful manager can support cooperation and control cheating, theft and free riding.
And a manager with the power to harvest benefits from a group will be able to profit from anything it
does to improve the productivity of the group1.

We can now see that not only is a manager able to unlock the immense benefits of cooperation, it is in
its own evolutionary interests to do so. A manager that increases the productive capacity of its group by
supporting cooperation will be able to harvest a greater stream of benefits from the group for its own use.
A self-interested manager will therefore control its group to promote cooperation.

To summarise: when individuals that have the ability to control others emerge in a population, they
will initially use their power in ways that often damage the interests of others. But once they discover
ways to use their power to harvest a stream of benefits from others, it will increasingly be in their
interests to protect and nurture a group of individuals that can provide these benefits.

Because dominants can harvest benefits from the group, they will be able to benefit from whatever
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they can do to increase the productivity of the group. The greatest potential for this lies in managing the
group to overcome the barrier to the evolution of cooperation. It will be in the evolutionary interests of
managers to make it in the interests of members of the group to cooperate and to serve the interests of the
organisation as a whole. The result will be an organisation in which the interests of all, including the
manager, are aligned with the interests of the organisation. The organisation will be cooperative even
though it is made up of thoroughly self-interested components2.

The evolution of early cells provides a concrete and specific illustration of this general evolutionary
sequence. We begin with an autocatalytic set of proteins. As we have seen, an autocatalytic set can
reproduce itself through time because each type of protein in the set helps make other members of the set.
The proteins catalyse reactions of smaller organic and inorganic molecules progressively constructing
larger and larger molecules, and eventually producing the members of the set.

A flourishing autocatalytic set of proteins would build up a rich soup of component molecules and
other chemical processes that are used to produce the members of the set. But there is little to stop other
large organic molecules from using this soup of component molecules and processes for their own
reproduction. RNA molecules are particularly suited to this. Due to their greater size and stability, they
are less able to be damaged by proteins, or to be stopped by proteins from using the components of the
set. And they are better able to survive periods spent drifting between autocatalytic sets.

So self-reproducing RNA molecules could do very well by plundering the resources of an autocatalytic
set to help their own reproduction, perhaps destroying the set in the process, and then moving on to
another set to do the same again3. The RNA would have no interest in preserving the sets that it plundered.

As we have seen, this would change once RNA molecules discovered ways to manipulate the reactions
within the set to their own advantage. For example, the RNA molecules might use their catalytic ability
to boost reactions within the set that helped their own reproduction. The RNA would no longer just be
plundering components from the set for its own use. Instead, it would boost reactions within the set that
produced these components. So the RNA might boost reactions that produce proteins that help it to
replicate more efficiently, or that help it to catalyse other reactions that are useful to it.

In this way, RNA molecules begin to discover ways to make autocatalytic sets useful to themselves on
an on-going basis. The RNA begins to have an interest in ensuring that the set is not destroyed so that the
set can continue to produce a stream of benefits for the RNA. The RNA will restrain its plundering of the
set, and can benefit from a long association with it.

The RNA can further increase the stream of benefits it gets from its set by boosting the productivity of
the set. It can do this by using its ability to control the set to overcome the barrier to the evolution of
cooperation. As we have seen, the RNA can boost the production of cooperative proteins that make a
significant contribution to the efficiency and effectiveness of the set, but that otherwise would be out-
competed within the set. And it can suppress the production of proteins that free ride and cheat4.

It will increasingly be to the advantage of the RNA to stay permanently with a particular autocatalytic
set. This will enable it to harvest though time the benefits of the massive increase in productivity it has
produced. And selection will favour RNA that prevents other RNA from plundering the set. The RNA
can do this by managing the components of the set so that they cooperate together in ways that resist
other RNA. For example, the RNA could manage the set so that the members cooperate together to
produce a cell wall, or cooperate together to engulf and digest RNA that attempts to plunder the set.

This evolutionary sequence eventually produced proto cells in which particular RNA molecules lived
permanently with a particular autocatalytic set of proteins encased in a cellular membrane or wall. Once
proto cells emerged, neither the set nor the RNA molecules could have any life or future outside the proto
cell. Their evolutionary success was totally dependent on the evolutionary success of the organisation as
a whole.

But this complete alignment of interests between the RNA and the proto cell could break down when
there was more than one RNA molecule in the proto cell. This is because the molecules would compete
against each other, and the winner would not usually be the one that contributed most to the cell. An
RNA molecule would do better if it invested its time and resources in promoting its own reproduction, so
that its offspring increased in numbers in the cell and in the next generation of cells. It would out-
compete cooperative RNA molecules that instead used their time and resources to boost the productivity
of the cell, rather than to promote their own immediate reproduction5.
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This breakdown of cooperation was, of course, another instance of the barrier to the evolution of

cooperation. And it could be overcome in the same way as other instances. The RNA molecules had to be
controlled so that the only way that they could advance their own interests was by advancing the interests
of the organisation as a whole. They had to be prevented from gaining any competitive advantage over
other RNA, except where this was because they had contributed more to the cell6. Once this was achieved,
cells could include many RNA molecules, with each molecule specialised to manage some particular
aspect of the chemical and other processes of the cell.

How was destructive competition between RNA prevented within cells? As for the suppression of
competition amongst mitochondria, an important development was to prevent RNA moving from one
cell to another. This was accomplished in large part by the evolution of a cellular membrane. The membrane
physically prevented RNA from plundering the cell and then leaving, and tied their interests to the
interests of the cell7. A further step in suppressing destructive competition was the joining together of the
RNA molecules to form a single chromosome8. All the genetic material was bound together, and could
not reproduce separately. Any particular RNA molecule was unable to produce more offspring than
others. What one molecule did, the others did as well. Ensuring all RNA molecules shared the same
reproductive fate prevented competition. They were all in the same boat.

But this did not solve the problem completely. If chromosomes could reproduce freely within the cell,
producing a number of chromosomes, competition could resume. The chromosomes could compete with
each other within the cell. This was prevented by controls over the reproduction of chromosomes. The
controls ensured that a chromosome could reproduce only when the cell reproduced, and that only one
copy of the chromosome would go to each daughter cell. So when the cell split into two daughter cells,
each chromosome would also produce two daughter chromosomes, one going to each daughter cell.
Chromosomes were prevented from reproducing at any other time within the cell. As long as these
controls were successful, competition could not arise.

Modern cells have evolved elaborate structures and processes that strictly control the reproduction of
the genetic material. Genes are joined up into chromosomes, and in the processes of mitosis and meiosis,
the reproduction of chromosomes is synchronised with the reproduction of the cell. Chromosomes are
strictly controlled so that none can gain a competitive advantage by getting into more daughter cells than
others, or by making more copies than other chromosomes9.

The result is that there is only one way a particular RNA or DNA gene can get a competitive advantage
over any other. It must help the cell that contains it to do better than other cells that contain alternative
genes. The interests of a gene are completely aligned with those of the cell that contain it.

Once RNA molecules were controlled in these ways within early cells, destructive competition was
suppressed. But how were these controls actually established? What did the controlling? What had the
power to control RNA molecules?

The answer is that individual RNA molecules could be controlled by the actions of the cell as a whole.
That is, they could be controlled by structures and processes produced by the autocatalytic set managed
by RNA. The organisation as a whole had the power to control any individual within it. So RNA molecules,
in conjunction with the parts of the cell they managed and organised, were able to produce structures and
processes that controlled individual RNA molecules, including themselves. And if individual molecules
were ever able to find a way to manage part of the cell to break out of these controls, it would be in the
interests of other RNA molecules to respond by managing the cell to reinstate the controls10.

A broadly similar evolutionary sequence also contributed to the emergence of the cooperative human
societies managed by powerful rulers that began to develop about 10,000 years ago. With the discovery
of agriculture, and the establishment of settled tribal communities that accumulated food and other
possessions, bands of individuals could make a living by moving from community to community,
plundering food and possessions as they went. Initially, these powerful bands would have simply taken
what they wanted, without any interest in the effects this might have on the capacity of the communities
to continue in existence.

But the success of this strategy would decline as the number of bands and the rate at which they
plundered communities increased. A band might then find that it could do better by taking over a community
permanently, protecting it from other bands, and using its power to extract a stream of benefits from the
community on an on-going basis. These benefits would not only include food, weapons, labour and sex.
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A band could also reap psychological benefits such as the experience of exercising power over a
community, and feelings of self-importance and superiority.

The band would now have a direct interest in doing anything that could boost the productivity of the
community. This would enable it to increase the stream of benefits it harvested. As we have seen, the
greatest potential for improvements lay in the band using its ability to control the community to promote
cooperation. The band could do this by aligning the interests of the individual members of the community
with the community interest, and therefore with its own interests.

For example, the band could tax the community to fund activities that were beneficial to the community
as a whole, such as irrigation and defence. And the band could establish an effective framework of
controls to support reciprocal exchanges between community members. It could do this by punishing
cheats and free riders, enforcing exchange agreements, and settling disputes fairly. In this way, a community
that farmed crops and animals would in turn be farmed by a band, and the band would become a manager11.

The better the band became at managing the community, the more powerful it would become. It could
increase its power further by taking over other communities and by managing them on an on-going basis.
As well as enabling the band and the community to defend better against others and to harvest greater
material benefits, this would also increase the psychological benefits that could be harvested by the band
and its leader. They could surround themselves with the trappings of power, and could even ensure they
were treated as gods.

After a number of generations, the person who led the band and who ruled the community was a king,
or even an emperor.

Just as proto cells had to find ways to stop destructive competition between RNA molecules, kingdoms
had to find ways to stop competition amongst powerful individuals within the society. The simplest way
was to have a supreme ruler who had power over all others in the society. It would be in the interests of
the ruler to control all less powerful individuals to ensure that they acted in the interests of the society.

But the possibility of competition for the position of ruler would arise again whenever a ruler died.
Other individuals could then compete to take over the position. Some might even hasten the death of the
ruler to open up this possibility. The scope for this competition would be reduced if the number of people
who were qualified to take the position of ruler were limited. For example, if only children of the existing
ruler were permitted to become the ruler. This greatly reduced the numbers of individuals who had the
supreme incentive to overthrow the ruler.

However, this method of controlling destructive competition has had limited success. History is full of
examples of sons killing fathers, wives killing husbands, and brothers killing brothers in order to meet
whatever restrictive criteria were set to determine who could take the position of ruler12. The result has
been as destructive to the proper management of these human societies as competition between RNA
molecules was to the interests of proto cells.

The solution was the same as in cells: the ruler had to manage the organisation to establish processes
and structures that could control even rulers13. Laws and methods of enforcing laws had to be established
that could prevent rulers and those who could become rulers from seriously damaging the society. The
effect of these laws and enforcement processes would be to move toward realigning the interests of
rulers and potential rulers with the interests of the society as a whole. As we shall see, the establishment
of controls over rulers (including governments) so that their interests were aligned more closely with the
community has been very important in the evolution of human society, and will continue to be so14.

Provided there was strong competition between kingdoms, the interests of the ruler and the community
would be closely aligned. In these circumstances, the king would have to ensure that the community was
well governed if the kingdom was to survive external threats and if he was to remain king. Only the best-
managed kingdoms would survive. The better the ruler was at promoting cooperative relationships between
citizens and at establishing cooperative activities that benefited the community, the more secure he and
the kingdom would be.

But without strong competition, the interests of the governor and the governed would not be so closely
aligned. If the kingdom had no external threats, there would be no immediate cost if, for example, the
ruler and his allies over-taxed the community. The survival of the kingdom would not be threatened
immediately if the ruler overindulged himself and his allies with material and psychological benefits at
the expense of the community. Although the ruler would still be heavily dependent on the community
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and their interests would still overlap somewhat, the ruler could get away with over-exploiting the
community.

In the evolution of proto cells, competition between cells ensured that the interests of the RNA and the
interests of the autocatalytic set remained very closely aligned. This competition produced natural selection
between cells and ensured that only the best-managed cells could survive and be successful. But in
human evolution, strong competition between human societies has become less significant as the societies
have increased in scale. Unlike cells, there is no longer a large population of small human social groups
that are continually competing against each other for survival. Natural selection no longer operates strongly
between human societies.

But as competitive pressures have declined, rulers and their allies have not had a completely free hand
to exploit human societies. It is not in the interests of the average member of these societies to be exploited.
It is in their interests to stop a ruler who attempts to do so. Although the rulers and their allies have much
greater power than any individual, if enough individuals band together, they have sometimes been able to
develop sufficient power to overthrow such a ruler. Collective action of this sort, and the threat of it, have
been very significant in maintaining some alignment of interests between the governor and the governed
in human societies as competition declined.

But when collective action successfully overthrows a ruler, it strikes a major problem. The society
must continue to be managed effectively if it is to be successful. However, the collective itself is unable
to govern the society effectively. It has little option but to put its own leaders into power, to make them
the rulers.

The challenge then becomes: how do you establish a system of controls that makes sure that the
interests of the new managers are permanently and irrevocably aligned with the interests of the society?
How do you ensure that it will not be in the interests of the new managers to behave in the way the
previous managers behaved? What controls will ensure that a self-interested manager will act only in the
interests of the society as a whole? This challenge is of critical importance. If the interests of the new
rulers lie in the same direction as the previous rulers, the same behaviour can generally be expected.
Only new controls can permanently change the way a society is governed.

History is overflowing with examples in which revolts and revolutions have failed to devise controls
that meet this challenge. Instead they produced new rulers whose self-interest lay in exactly the same
direction as the overthrown rulers. The pigs took over the farm, and eventually become indistinguishable
from the farmers they replaced15.

However, there have also been examples in which new controls have been put in place that help to
better align the interests of the governors and the governed. The democratic process is a clear example.
In theory at least, democracy allows the governors to be overthrown by popular vote if they do not serve
the interests of the society.

How do our present systems of government rate against the evolutionary ideal in which the interests of
management are fully aligned with those of the managed? Are the interests of those who exercise power
in democratic government completely aligned with the interests of the social systems they manage? Do
the structures and processes that control their interests guarantee this?

This issue will be critical to the future evolutionary success of human organisation. To be competitive
in future evolution, human organisation must comprehensively get around the barrier to the evolution of
cooperation. If human society is to be best placed to participate in future evolution, it must be able to
fully exploit the immense potential benefits of cooperation in the interests of the society as a whole. We
can be sure that in the future, as in the past, organisations that are best able to exploit the benefits of
cooperation will be the most competitive. They will be best at meeting whatever evolutionary challenges
arise. They will have the greatest capacity to adapt successfully to the widest range of possible future
events.

For continued evolutionary success, human society must be able to establish cooperation wherever
and whenever it is beneficial to society as a whole. As we have seen, this can be achieved if a system of
government aligns the interests of the individual members of society with those of the society as a whole.
This will ensure that individuals who pursue their own interests will pursue the interests of the society.
But government will do this only if the interests of the government are completely aligned with those of
the society. When this condition is met, governments that pursue their own interests will also pursue the
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interests of the society. They will use their power to organise cooperation that serves the interests of the
society.

Where the interests of government are not aligned in this way, the society will not be able to fully
exploit the benefits of cooperation to satisfy the needs of its members. This would be the case for a
society in which the destiny of governments is controlled by the citizens who have the greatest economic
power. In such a society, it would be in the interests of the wealthy to have the government manage the
society in their interests rather than in the interests of the society as a whole. Many believe that our
current social systems are in fact organised in this way: in a 1992 survey of US citizens, 80 per cent said
that they thought their country was run for the rich16. But our present democratic governments and the
economically powerful tend to disagree with this. They generally argue that there is little need to radically
change our social systems. They are vigorous supporters of the status quo. They claim that our current
democratic systems are, in the broad, the best available forms of government. Democratic government is
as good as it gets.

But throughout history, rulers, governments and those who benefit most from them have always extolled
the virtues of the particular form of government that provided them with their wealth, power and self-
esteem. They often claim that their system has been designed in accordance with God’s will, or even that
they themselves are gods, or at least that they have God on their side. And they commonly promote
ideologies, myths and world views that support their system as the ultimate form of government, as the
culmination of human history, and as the best and fairest method of organising human society. Any who
push for alternative forms of government and who are sufficiently successful to threaten the established
order have commonly been killed, jailed, beaten, or treated as criminals. They are often branded as
mentally unstable, idiots, sexual deviants, ignorant and unscientific, or as being in the pay of enemy
governments17.

There are no examples from history of governments that have taken an evolutionary approach to
systems of governance. Governments have never seriously promoted the view that they and their systems
are temporary, merely a transitory step along the way to new and better forms of governance. Universally
they have failed to demand that society should continually be searching for improvements in government,
and should establish systems of government that are designed to evolve and to be better at evolving.

All this is exactly what would be expected of managers who have been constructed by evolution to
pursue their own interests, and who have not been subject to controls that align their interests with those
of the organisation they manage.

As we will see in detail, our current systems of government fail to meet the evolutionary ideal.
Democratic processes are not sufficient to completely align the interests of the governors with the governed.
As a result, even highly democratic human societies do not harness the benefits of cooperation in the
interests of society as a whole18. A major challenge for humans in the future is therefore to devise forms
of organisation that overcome this limitation, and that are more likely to be successful in evolutionary
terms. Even though our societies may not be subject to strong and continual competition at present, we
must organise our societies cooperatively so that they will be competitive in future evolution. If evolution
on this planet is to continue to progress by exploiting more of the potential benefits of cooperation, we
must meet this challenge successfully. In Chapter 17 we will look in detail at how humanity must reorganise
its economic and social systems if it is to participate successfully in future evolution.

The origin of life itself provides a final illustration of how a system of management can emerge and
exploit the benefits of cooperation. We begin with a watery environment early in the history of the earth.
As the famous experiments of Miller and others19 have shown, under the conditions that existed on the
early earth, small organic molecules were produced in the atmosphere and elsewhere, and then accumulated
in pools and other bodies of water. Reactions resulting from chance interactions between these smaller
molecules produced a variety of larger organic molecules in the pools.

It is of critical significance for the evolution of life that some of these larger molecules had the ability
to catalyse reactions amongst some of the smaller molecules. They had this catalytic ability because they
were able to control the movements and behaviour of some of the smaller molecules. Large organic
molecules are able to exercise control over smaller ones in the sense that they can collect them from a
solution and hold them in particular positions, causing the smaller molecules to react. Importantly, the
large molecules are not destroyed or modified when they do this. They continue in existence, able to
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repeat the process, organising more reactions of smaller molecules. In large part they can do this simply
because of their greater size and stability. They can push other molecules around without reacting with
them.

In this way, some larger molecules would coordinate reactions that were very unlikely to occur by
chance in the mixture. These reactions could proceed only when particular combinations of smaller
molecules came together at the same time in a particular spatial pattern. The likelihood of this occurring
by chance would be very small in the absence of the management applied by the larger molecules.

So large organic molecules were likely to emerge that could manage smaller molecules to organise
reactions that would not otherwise occur. These reactions might produce another larger organic molecule,
or they might break down a molecule, releasing energy to power other reactions. New types of larger
molecules would be formed in the mixture, and these in turn would manage smaller molecules to produce
further new types of larger molecules. In this way, management by larger molecules opened up new
possibilities for the mixture and for evolution. It generated new types of larger molecules with new
properties that would not have emerged in the mixture otherwise.

The content of the mixture would change through time as a result of these processes and as conditions
changed. But these changes would not unfold in any particular direction. Whatever smaller molecules a
large molecule managed, and whatever reactions it produced would make no difference to whether the
large molecule survived. The larger molecules would not compete with each other on the basis of what
they managed. A particular change in what a large molecule managed would not make any difference to
how many of the large molecules would be formed in the mixture, or how long they survived. Natural
selection would not operate. It would apply only if some forms of management did better in the mixture
than others. Changes in what was managed by larger molecules would be more or less random.

But all this changed suddenly if the mixture generated a large molecule that happened to have a
critically important property. This property was the ability to manage other molecules to produce a
reaction that boosted the rate at which the large molecule itself was formed. Suddenly, there would be a
form of management that reinforced its own existence. Management would have hit upon a way to use its
power to help make other instances of itself20.

This would also mean that a form of management had been discovered that could do better than
alternative forms of management. If the change in the larger molecule produced management that was
more effective at boosting the reaction that produced itself, it could out-compete other varieties of large
molecule. It would be better at using the resources of the mixture to reproduce itself. Natural selection
would now apply between different varieties of large molecules, and this natural selection would select
large molecules that were better at managing the production of other instances of themselves.

The large molecule could boost its own reproduction either directly or indirectly. The boost would be
direct if the reaction managed by the large molecule produced another instance of the large molecule
itself. For example, the large molecule might act as a template for a copy of itself, as in the self-replication
of RNA and DNA molecules. The boost would be indirect if the managed reaction produced other
molecules that in turn directly or indirectly boosted the production of instances of the original large
molecule. If a collection of different types of large molecules each indirectly boosted their own reproduction
in this way, the result would be an autocatalytic set that reproduced as a whole. The set as a whole would
manage matter to produce new instances of all its key components. As we have seen, there is good reason
to believe that the emergence of an autocatalytic set in a sufficiently rich mixture of organic molecules
might be easy and not at all improbable21.

When a self-reproducing manager first arose in a rich mixture of organic molecules, it would tend to
take advantage of the organic molecules that had built up in the mixture. It would plunder the rich capital
of molecules that had accumulated in the mixture, using them as food and as components for its
reproduction.

But the same sort of evolutionary sequence that turned RNA and human plunderers into farmers could
also be expected to have applied to the evolution of autocatalytic sets. Sets would do better when they
discovered ways to manage and boost the chemical process that produced the molecules that they previously
plundered. Instead of just taking the molecules they needed from the mixture, they would begin to manage
the processes that produced the molecules. They would use their management capacity to enhance and
boost these processes, harvesting the products for use in their own reproduction. And they would discover
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ways to manage these chemical processes so that the processes cooperated together through specialisation
and division of labour. The result would be a proto metabolism of interlinked chemical processes that
were permanently managed by the set to produce energy and material for its reproduction22.

In this Chapter, we have seen that evolution tends to produce managers whose interests are aligned
with the interests of the organisations they manage. It is in the evolutionary interests of managers to use
their power to promote and support cooperation within their organisation. This enables them to harvest
greater benefits from their organisation, and ensures that they and their organisation are more competitive.
In this way, evolution can overcome the barrier to the evolution of cooperation. It can build cooperative
organisations out of self-interested components. Once evolution has exploited some of the potential
benefits of cooperation by building cooperative organisations, it can progress further by building
cooperative organisations of those organisations. And then build cooperative organisations of organisations
of organisations. In this way, evolution will progressively exploit the benefits of cooperation by building
cooperative organisations of wider and wider scale.

But to complete our investigation of how evolution can progress by organising cooperation, we must
consider another form of cooperative organisation. In this Chapter and the previous Chapter we have
seen how an external manager can organise cooperation in the group it manages. In the next Chapter we
will see that there is another form of management, internal management, that can also organise a group
cooperatively.
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CCCCComplex cooperative organisations can be organised by a powerful manager that is external to the
individuals it manages. Management is obviously external in all the cases we have considered to this
point: atoms and small molecules were managed by larger molecules to start the evolution of life;
autocatalytic sets were managed by RNA to form early cells; mitochondria were managed within these
cells to produce modern eukaryote cells; and human social systems were managed by external rulers and
governments to form modern human societies.

But not all complex cooperative organisation includes a separate manager that supports cooperation
and controls cheats and free riders. For example, multicellular organisms do not include a separate manager
that controls other cells within the organism1. Beehives, ant colonies and other insect societies also do
not appear to include a dominant individual that uses its power over others to organise cooperation2. And
before the rise of managed agricultural communities about 10,000 years ago, small bands of humans
cooperated in their hunting and other activities without any control by a separate ruler3.

How has the barrier to the evolution of cooperation been overcome in these cases? How are cheating,
theft and free riding prevented, and how are resources redistributed within the organisation to support
cooperation? Has this been achieved without the use of power and control, or is the source of control just
less obvious in these cases, compared with where the manager is separate?

We will see that these organisations without separate managers are able to evolve complex cooperation
only because they are managed. But the source of the management is not external to the individuals being
controlled. It is internal to each of them4.

To see how this internal management can operate, consider a tribe of humans that includes a number
of individuals who specialise in tasks useful to the tribe. Someone makes arrows and spears, another
makes bows, others specialise in hunting, and so on. These specialists survive in the tribe by exchanging
what they produce for the necessities that they do not produce. But as we have seen, cheating can undermine
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this cooperation. If cheating is not prevented, the specialists will not be able to survive as specialists,
even though their cooperative division of labour is extremely beneficial to the tribe.

Cheating could be prevented in the tribe in either of two ways: first, cheating would not be profitable
if a powerful tribal ruler punished individuals who undermined cooperation by cheating. Second,
cooperation would not be disrupted by cheats if the tribe was made up of individuals who each had a
genetic predisposition to be trustworthy and honest. Cheating would not occur if each individual carried
genes that prevented him from being a cheat. For example, the genes might make the individual feel
emotionally repelled by the idea of acting dishonestly. It would not be in the nature of such an individual
to cheat.

The same result would be achieved if, instead of a genetic predisposition, all members had a learnt
predisposition against cheating. There would be no cheating if all members of the tribe had been inculcated
with a very strong belief that they should be trustworthy and not cheat in exchanges. For example, they
might have been taught that cheating was fundamentally wrong, not the way for any respectable member
of the tribe to behave, and against the wishes of the gods who created the tribe and its world. Norms,
moral beliefs and other rules of behaviour that are supported by religious systems are examples of learnt
predispositions that would be capable of controlling behaviour in these ways.

To control the members of the tribe successfully, the genetic or moral predispositions would have to
be sufficiently strong to stop the individuals from doing what would otherwise be in their self-interest.
Even when an individual could see that cheating was clearly in its interests, its predispositions would
have to stop it from doing so. They would have to be strong enough to cause individuals to resist temptation
successfully. Individuals would have to be left with no choice. Ordinary beliefs that changed as
circumstances changed would not be sufficient. Beliefs that could not be changed by the individual such
as sacred beliefs would be necessary. Strong genetic or learnt moral predispositions of this kind could
control the tribe as completely as a powerful external manager. The tribe and its members would be hard
wired to behave cooperatively.

To control all the members of the tribe, the hard-wired predispositions would also have to be contained
in each and every member of the tribe. Any individual that escaped the hard wiring would not be restrained
from pursuing its individual interests at the expense of the group. It would gain the benefits of being in a
tribe of cooperators without having to contribute to the cooperation. It would be free to cheat and free
ride, and would advance its own interests by doing so. If many members of the tribe did not contain the
hard wiring, cooperation would be undermined, and cheating and free riding would take over.

A further condition would also have to be met if the control was to be maintained in a tribe over time:
the hard wiring would have to be produced in all the members of the tribe across the generations; through
time, the tribe would have to contain only individuals who included the hard wiring. This would be
achieved if the hard wiring was produced in each new individual who was born into the tribe. The normal
process of genetic inheritance would tend to do this for genetic predispositions. Hard wiring that was
acquired by learning could also meet this condition if it included a predisposition to inculcate others with
its beliefs and predispositions. For example, the learnt hard wiring might cause parents to inculcate their
children with a set of moral and religious beliefs. One of these beliefs could be that parents must teach
the entire set of beliefs to their children. If the inculcation was successful, the children would grow up to
teach their children the set of beliefs, including the belief they should repeat the inculcation process.
Each generation would inculcate the next with the set of beliefs. Each would teach the next the difference
between ‘right and wrong’.

A religious cult within modern society is an example of a set of learnt predispositions that usually
include a predisposition to inculcate the beliefs in others. The set of predispositions organise the members
of the cult to behave in ways that help the predispositions to reproduce themselves in others. The cults
that flourish are those that are based on a set of beliefs that are best at organising their own reproduction.

The processes of inheritance and inculcation would go a long way to ensuring that genetic and learnt
predispositions were reproduced in all members of the tribe. But they would not be 100 per cent successful.
Mutations would arise from time to time in both genes and in moral beliefs. However, such breakdowns
in hard wiring could be repaired. The predispositions could be maintained universally in the tribe if those
who were not hard wired to cooperate were punished and perhaps expelled from the tribe.

This punishment could be organised by the hard wiring itself. If this were the case, the hard wiring
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would not just include predispositions to cooperate in various ways and to refrain from cheating. The
hard wiring would also include a predisposition to punish and expel members of the tribe who acted as if
they did not include the full set of hard-wired predispositions (including the predisposition to punish). So
individuals with the hard wiring would cooperate, and they would punish individuals who did not cooperate,
or who failed to punish cooperators5.

For example, where the hard wiring was genetic, it might cause members of the tribe to be emotionally
outraged by the behaviour of non-cooperators and to be impulsively aggressive toward them. Where the
hard wiring was learnt, members of the tribe might be inculcated with a strong moral belief that non-
cooperators were deviants who deserved the strongest punishment because they had set themselves against
all that was valued by the tribe and its gods.

In this way, a tribe could be managed by a set of hard-wired predispositions that could reproduce itself
in most of the members of the group, and cause them to expel any remaining members who did not
appear to contain the hard wiring. I will refer to such a manager as a distributed internal manager: the
management is internal to the individuals being managed, and is distributed in the sense that it is contained
in each of the members of the group.

A distributed internal manager is formed of a set of hard-wired predispositions that are reproduced in
each of the members of a group of organisms. As we have seen, the predispositions can be genetic, or can
be strong moral or other beliefs that are learnt during the life of the organism. As we shall see, internal
managers are established by genes in insect societies and in the societies of cells that are multicellular
organisms. And they were established by systems of moral and religious beliefs as well as genetic
predispositions in the early tribal societies that preceded modern human societies managed by external
rulers.

A distributed internal manager clearly has the potential to organise a group cooperatively. It can hard
wire individuals so that they participate directly in cooperation, provide resources to maintain group
activities, refrain from cheating, theft and free riding, and punish individuals who undermine cooperation.
In this way it can cause individuals to act in the interests of the group as a whole, and to treat others in the
group as self6. An internal manager can organise cooperation directly by hard wiring specific cooperative
behaviours in individuals. Or it can do it indirectly by controlling exchanges between individuals so that
individuals capture the benefits of their cooperative acts on others. For example, individuals might be
hard wired so that they do not cheat in reciprocal cooperative exchanges. This would enable the reciprocal
altruism mechanism to operate successfully.

Internal management has the potential to organise cooperation in these ways, but will evolution produce
management that does this? Will evolution favour the emergence of distributed internal management that
organises a group to act cooperatively? More specifically,  will cooperators organised by internal
management out-compete non-cooperators within a population or groups of organisms? It turns out that
just as evolution favours external managers that support cooperation, it will also favour internal managers
that do so. This is because the manager is able to capture any benefits that it produces, and cooperation
is capable of producing immense benefits.

There are a number of ways in which an internal manager can use its power to capture the benefits of
any cooperation that it organises. As we have seen already, the manager can organise the individuals it
controls to exclude non-cooperators, cheats and free riders from their group. If all individuals who do not
contain the manager are expelled from a group, the manager will capture all the benefits it organises
within the group. This is because each and every member of the group will contain a copy of the manager.
So if an individual helps others in the group, it helps copies of the manager. The manager will also
capture the harmful effects of any behaviour that it causes within the group. If an individual hurts others
in the group, it hurts the copies of the manager that they contain. If the sum total of the effects of an
action on others are harmful, the total effects on the manager will be harmful. And if they are beneficial,
the manager will benefit overall. As a result, if the manager can cause an individual to act in ways that
produce net benefits for members of the group, the manager will benefit, even though the behaviour
might not benefit the individual. The manager will capture the benefits of whatever it can do to advance
the position of the group. The evolutionary interests of the manager will be aligned with the evolutionary
interests of the group as a whole. What is good for the group will be good for the manager.

There are other ways in which a manger can ensure that it captures the benefits of any cooperation that
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it creates. It can organise the individuals that it controls to direct their cooperation only toward others
who contain copies of the manager. This will ensure that only individuals who contain a copy of the
manager will benefit from the cooperation. For example, if the manager is a set of norms and moral
codes, it will prevent individuals from cooperating with others who do not follow its codes and norms. If
the manger is genetic, it will prevent individuals from cooperating with others who are unlikely to contain
copies of itself, such as non-relatives. Cooperators organised by such a manager will be able to out-
compete non-cooperators within a group or within a population. The manager may begin by controlling
only a few individuals, but eventually it will take over the entire group or population.

As with external managers, the best way in which an internal manager can profit from its ability to
control a group is by promoting cooperation. And the better a manager is at organising cooperation, the
greater the benefits it can capture. If a number of managers are competing within a group, the manager
that is best at organising cooperation will do best, provided it can capture the benefits of the cooperation
it organises. If a number of groups are competing, the group with the manager that is best at organising
cooperation will do best. Both within groups and between groups, evolution will favour managers who
use their power to overcome the barrier to the evolution of cooperation. Evolution will produce distributed
internal managers that use their power to establish complex cooperative organisations. We have seen
already that evolution can progress by producing cooperative organisations managed by external managers.
It can also progress by using internal managers to organise cooperation. As we shall see in detail in Part
4 of this book, evolution on this planet has used both internal and external management to progressively
produce cooperative organisations of larger and larger scale.

The most successful internal managers will be those that are best at capturing the benefits created by
their management. We have seen that some of these benefits will be lost to the manager if it is unable to
suppress all cheats and free riders in the organisation. In general, benefits will be lost if any members of
the organisation contain a different manager. And it is not just that these other managers will capture
some of the benefits of cooperation. It will also be in their interests to compete within the organisation to
extract whatever benefits they can get. Competition between different managers within an organisation
will seriously undermine cooperation. As a result, evolution will favour managers that are better at
suppressing competition from other mangers and at preventing them from taking any of the benefits of
cooperation. It is no accident that the systems of moral beliefs that have survived to the present are
usually highly intolerant of those with different beliefs7.

Distributed internal management that is unable to suppress competition from other managers within
the organisation will not be effective at organising cooperation. It will not be able to capture all the
benefits of cooperation. An example is the process of genetical kin selection that we considered earlier.
Kin selection begins to operate when an individual contains a genetic manager that predisposes it to
cooperate with others. The normal process of reproduction will produce related individuals who also
contain the same manager. If it is to be successful, the manager must capture the benefits of the cooperation
it produces. So evolution will favour genetic managers that organise individuals to direct their cooperation
only towards others who contain copies of itself. As we have seen, managers can use relatedness to target
their cooperation in this way8. But, because relatedness is not a perfect indicator of a shared manager, a
manager will not capture all the benefits of the cooperation it organises. Some of the benefits will leak to
individuals who do not include the manager. The manager will not find it profitable to organise some
forms of cooperation even though it provides net benefits. As a result, the ability of genetical kin selection
to organise cooperation is limited.

Genetical managers in some organisms have found better ways to capture the benefits of their
management, and are better at establishing cooperation. The genetical managers of white-winged choughs
provide an example. White-winged choughs are amongst the most cooperative of birds. All choughs in a
group can be involved in feeding the young produced by the group, whether or not they are closely
related. But although the members of the group might not be close relations, they are all likely to contain
the genetical manager that produces this cooperation. And the manager will therefore capture the benefits
the cooperation produces. This is because the manager organises the members of the group to punish and
expel those who do not cooperate. Individuals who contain a different manager that causes them to
attempt to free ride or cheat will be forced out of the group9.

The internal genetic managers of the most complex insect societies have developed mechanisms that
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are even more effective at ensuring they capture the benefits of their management and suppress internal
competition from other managers. The managers organise their society to increase the probability that
only individuals that include the manager will contribute to the reproduction of the colony10. To the
extent they are successful, internal competition will be prevented, and cooperation will not be undermined.

Managers attempt to do this by organising the society so that it can reproduce only through the sons
and daughters of the queen who originally founded the colony. As far as possible, all other members of
the society will be prevented from producing offspring that can found a new colony. Managers have
discovered numerous ways of organising a society to help achieve this. For example, in most ant colonies,
queens are predisposed to produce a pheromone that suppresses egg production in worker ants11. The
workers themselves are hard wired to respond to the pheromone in this way. Queens will also attack any
worker ants that develop ovaries, preventing them from reproducing12. And in honeybees, workers are
predisposed to eat any eggs that are laid by other workers13.

If the manager is able to successfully organise the society in this way, any individual who does not
contain the manager will have no opportunity to compete with the manager to contribute to the next
generation. Destructive competition within the society will be suppressed. Within complex insect societies
that include these management controls, there is little competition and conflict. But internal conflict is
common in smaller, less complex insect societies, particularly where more than one manager can reproduce
and found a new colony14. Within these societies, the competing managers will attempt to organise the
individuals they control to preferentially direct their cooperation toward the other members of the society
who are most likely to include a copy of the manager.

In these examples, evolution has produced arrangements that suppress competition from other
individuals and from other managers within the organisation, enabling cooperation to be established. But
this suppression of competition amongst alternative managers produces another evolutionary problem.
Evolution proceeds by producing and testing new arrangements that may prove to be better than the old.
If no new possibilities are tested, evolution stops, and organisations are unable to discover new and
better adaptations. Management can evolve and improve only by testing out new forms of management.
But if individuals with mutant management arise within an organisation, they can compete with the
existing manager, taking resources and undermining cooperation. This is similar to the destructive
cooperation that can arise between RNA molecules within proto cells. It will be in the evolutionary
interests of mangers to quickly suppress any new managers that arise within the organisation. But this
will cause another problem—the suppression of new managers will also suppress evolutionary innovation.

In the case of the tribes of humans that were managed by sets of strongly held beliefs and other
behavioural predispositions, this meant that new ideas and innovative beliefs could not be tolerated. Any
deviant behaviour that conflicted with the set of moral beliefs that managed the group would be vigorously
suppressed. Groups that were organised in this way would therefore have very stable systems of belief,
but at the price of a stunted ability to adapt and innovate. The beliefs that managed the group would be
very conservative, and disagreement would be strongly punished. As we will see later when we deal with
human evolution in detail, this is a central reason why human societies managed by separate rulers have
been far more successful in evolutionary terms.

But where distributed internal management has been able to establish complex cooperative organisation,
it has done so because it has discovered ways to suppress internal competition without also suppressing
innovation. The best example is multicellular organisms, which are organisations of cells managed by
distributed internal management. Each cell generally contains a copy of the same genetic material. These
genes can control the actions of each cell within the organisation, organising whatever cooperation is
beneficial. This internal management has established the extraordinary level of cooperative specialisation
and division of labour found within multicellular organisms, including ourselves.

Managers in complex multicellular organisms have discovered two sets of arrangements that combine
together to suppress competition without putting a stop to evolutionary innovation. First, managers organise
the development of the organism so that only a small group of cells, the germ cells, can produce the eggs
or sperm that reproduce the organism. All other cells and their managers are locked out of reproduction.
This is achieved early in development when the germ cells are separated out from the other cells of the
organism, and are kept physically apart. So the overwhelming majority of the cells of the organism (and
their managers) are prevented from competing to get into the next generation. There is no practical way
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for them to produce eggs or sperm to participate in reproduction. This greatly reduces the possibility of
destructive competition between germ cells and other cells within the organism15.

The potential for competition between germ cells is also suppressed. In principle, they could compete
with each other to form the most eggs and sperm. But the germ cells are kept inactive and prevented from
reproducing. They are therefore largely powerless within the organism—any mutant genetic manager
that arises within the germ cells is unable to produce a group of cells that it could manage to pursue its
competitive interests against other germ cells.

The second way in which competition is suppressed is to have the multicellular organism reproduce
by passing through a single cell stage formed by the union of egg and sperm16. This single cell then
divides repeatedly to form a new multi-celled organism. So only a single manager gets into a new organism.
This greatly reduces the potential for disruptive competition: the only way new managers can arise in the
new organism is through mutations that occur after the bottleneck of the single cell stage. And, as we
have seen, competition amongst any fresh mutants is suppressed by separating out germ cells from other
cells early in development.

These two sets of arrangements combine to enable new mutant managers to be produced and tested
without destructive competition within organisms. Mutant cells and mangers are produced in the germ
cells, but cannot compete destructively there. Neither can they compete with each other when a new
organism is formed. The single cell bottleneck ensures that only one manager gets into each new organism
that is produced. Fresh mutants could arise as the new organism grows, but competition from these is
suppressed because they are prevented from reproducing. As a result, destructive competition within the
organism is largely prevented. New mutant managers can arise, but the only way they can compete with
other managers is through competition between the organisms that they manage. The manager that organises
the best organism will win. So multicellular organisms are able to try out new and possibly better managers
without unleashing destructive competition within the organism.

The evolution of insect societies and of multicellular organisms illustrate how internal management
can control and organise a group of living processes to suppress competition and promote cooperation. It
can be as effective as external management. But internal distributed control is not as visible or as obvious
as external control. This is not just because it controls individuals from within. It is also because the
control is distributed amongst each of the individuals that are being controlled. The operation and evolution
of internal management cannot be understood by looking at only the behaviour and the evolutionary fate
of just one individual. The behaviour and the evolutionary fate of all of the individuals who contain the
manager must be taken into account. An internal manager organises its group as a coordinated whole,
and it can be understood only as a whole. For example, it is not possible to understand the evolutionary
significance of moral codes or systems of religious beliefs without recognising their group effects.

A group that is managed by distributed internal management is as much a vertical organisation as a
group managed by a separate, external manager. It has an additional layer of organisation compared with
a group that is not controlled by a manager. This additional layer is the set of predispositions that are
reproduced in each of the members of the group through time. These predispositions control and coordinate
the behaviour of members of the group. In the examples we have considered, the additional layer can be
a set of genetic predispositions or a set of learnt beliefs such as moral codes.

The group cannot be said to include such an additional level of organisation unless a common set of
predispositions is reproduced across the members of the group. If each of the individuals in the group has
a different set of predispositions, there is no manager that controls and coordinates their behaviour as a
group. Each individual will be controlled by its particular set of predispositions, and these will be a
distinct level of organisation within the individual. But the group as a whole is not controlled and
coordinated unless a common set of predispositions is reproduced across the group. Different sets of
genetic or moral predispositions in different individuals do not create a new level of organisation across
a group.

* * * * * This brings us to a point where it is useful to
summarise where we have got to in completing the task I set myself in Chapter 2. In that Chapter we
identified what I would have to do to show that the evolution of life progresses toward increasing
cooperation. How far have we got?



Internal Management 58
In Chapter 3 we saw that cooperation between living processes can be extremely advantageous in

purely evolutionary terms. The benefits include specialisation, division of labour, the discovery and
exploitation of new types of adaptation, coordinated adaptation over wider scales, and suppression of
destructive competition. Potentially, these benefits will be produced by cooperation between any living
processes, wherever they are in the universe. As a result, the benefits of cooperation will not be fully
exhausted until all living processes participate in the one cooperative organisation. Until this occurs, the
unexhausted benefits will continue to drive evolution that progressively exploits the benefits.

However, we saw in Chapter 4 that evolutionary mechanisms including gene-based natural selection
cannot easily exploit the benefits of cooperation. There is a barrier to the evolution of cooperation that
applies generally to all living processes, including to self-reproducing molecular processes, cells,
multicellular organisms, and societies of organisms. Evolution favours individuals who pursue their own
evolutionary interests. In general, individuals will not cooperate unless it pays them to do so. So despite
the benefits of cooperation, evolutionary mechanisms cannot easily establish cooperative organisation.
If they could, evolution would still have progressed toward increased cooperation between living processes,
but it would have done so very quickly.

But in Chapter 5 we found that evolution could exploit the benefits of cooperation where it was able to
establish a certain type of complex organisation. We saw that cooperation could evolve in organisations
that include a manager who controls the other members of the organisation. Appropriate management
could ensure that individuals would benefit in evolutionary terms from their cooperative effects on others,
and would be disadvantaged by any harmful effects on others. Management could therefore align the
adaptive interests of individuals and the organisation, ensuring that it paid for individuals to adapt
cooperatively.

In Chapter 6 and in this Chapter we have seen that evolution will tend to produce managers whose
interests are aligned with the interests of the group of individuals they manage. Managers will therefore
do better in evolutionary terms when they use their power to support cooperation amongst the members
of the group.

Putting these elements together, we can see that wherever life emerges in the universe, the immense
potential benefits of cooperation will progressively drive the evolution of cooperative organisations of
increasing scale in space and time. Life will begin when large molecules arise that are able to manage
atoms and smaller molecules to produce new instances of the large molecules. If these larger molecules
cooperate together, they can form organisations that will be even more successful in evolutionary terms.
But cooperative organisations of molecules will not evolve unless it is in the evolutionary interests of the
larger molecules to cooperate. A powerful manager can make it in the interests of a group of larger
molecules to cooperate. The manager can use its power to organise cooperation.

Once a molecule that can act as a manager emerges, evolution will produce cooperative organisations
of molecular processes. But the organisations will be small in scale. The scale of organisation that a
particular manager is capable of controlling will always be limited. No manager can be all-powerful.
Many organisations of limited scale will be formed. Within each managed organisation of molecular
processes, the benefits of cooperation will be exploited. But there will be competition between
organisations. The potential benefits of cooperation between the members of different organisations will
continue to be unexploited. The barrier to the evolution of cooperation will have been overcome within
organisations, but not between organisations.

This unexhausted potential for cooperation between organisations (and between the individuals in
different organisations) will drive continued progressive evolution toward increasing cooperation. When
powerful organisations emerge that can control other organisations, evolution will favour the formation
of groups of organisations, each managed by a powerful organisation. The result will be cooperative
organisations of organisations. But these larger organisations will still be of limited scale, the potential
benefits of cooperation between the larger organisations will not have been exploited, and this unexhausted
potential will drive a further repetition of this evolutionary sequence.

Continued repetitions of this process will progressively produce cooperative organisations of wider
and wider scale. The potential benefits of cooperation will not be exhausted until all living processes in
the universe are united in a single organisation of the largest possible scale. All the matter, energy and
living processes of the universe will be managed into a single cooperative organisation. As we shall see
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in detail in Part 4 of this book, evolution on earth to date has organised molecular processes into small-
scale prokaryote cells, prokaryote cells into larger-scale eukaryote cells, eukaryote cells into multicellular
organisms, and organisms into societies. It is about to produce a unified cooperative organisation of
living processes on the scale of the planet, managed by humans.

So the evolution of life has all the key features of a process that is fundamentally progressive: there are
virtually unlimited potentials for improvement through the establishment of wider-scale cooperation
between living processes. And these potentials can be exploited only through a step-by-step process in
which each step necessarily builds on and improves on the previous step.

But there is another aspect of the progressive evolution toward increasing cooperation that we have
not yet considered. We have seen that the formation of organisations in which a manager controls the
other members of the organisation will enable cooperation to be exploited within the organisation. The
alignment of the interests of the manager and the interests of the organisation as a whole ensure that the
pursuit by managers of their own adaptive interests also serves the adaptive interests of the organisation.
However, the extent to which the manager and other members of the organisation are actually successful
in discovering the forms of cooperation that are best for the organisation depends on their adaptive
ability. It depends on how good they are at evolving, how smart they are at searching out the best cooperative
arrangements, and how innovative and creative they are at discovering new cooperative adaptations and
adapting these to changing conditions.

Their evolvability will also determine how effective they are at discovering how to form cooperative
organisations of wider and wider scale. Living processes that evolve by the genetic evolutionary mechanism
will be slow to discover how to form cooperative organisations. The genetic mechanism has no foresight
or ability to anticipate future evolution. It has no capacity to understand the progressive evolutionary
sequence of increasing cooperation that I have outlined, and no ability to use the sequence to guide its
evolution. The genetic mechanism will still exploit the potential benefits of cooperation, but only when
it blindly stumbles on cooperation that proves successful. In contrast, when living processes arise that
develop an understanding of the progressive nature of evolution, evolution can move far more rapidly
and directly to produce cooperative organisations of increasing scale. Once organisms know where
evolution is headed and develop the ability to use this knowledge to guide their own evolution, progressive
evolution will accelerate.

In Part 3 of the book (Chapters 8 to 12 inclusive) we will look at how evolution has progressively
improved the adaptive ability and evolvability of living processes on this planet. We will see where
humans fit into this evolutionary sequence. Then we will look at what improvements in our adaptive
ability are likely to be necessary for continued evolutionary success in the future. We will identify the
adaptive abilities we will need as individuals and the abilities our societies will need if we are to contribute
significantly to the future evolution of life in the universe. We will see that a significant improvement in
our evolvability will come once we can use our knowledge of the direction of evolution to build cooperative
human organisations of greater and greater scale.


