
115

World Academy of Art & Science Eruditio, Issue 1 - Part 3, July 2012 World Academy of Art & Science Eruditio, Issue 1 - Part 3, July 2012

The Evolution of Cooperation
John Scales Avery, Fellow, World Academy of Art and Science;

University of Copenhagen, Denmark

Abstract:

The success of humans as a species is due to our genius for cooperation. Cultural evolution, 
a new form of evolution, in which information is passed between generations in the form 
of linguistic symbols rather than genetically, has been the key to human success. Cultural 
evolution depends on the sharing of knowledge, and humans have developed remarkable 
linguistic and cooperative abilities.

At the same time, human nature also has a darker side inherited from our ancestors who 
were hunter-gatherers living in small genetically homogeneous tribes competing for territory 
on the grasslands of Africa. The pattern of intra-tribal altruism and inter-tribal aggression, 
which humans have inherited from their remote ancestors, has been explained by the theo-
ries of population genetics and group selection put forward in the 1930s by R.A. Fischer and 
J.B.S Haldane, and discussed more recently by W.D. Hamilton and E.O. Wilson. In this pic-
ture, the tribe itself, rather than the individual, is the unit on which evolutionary forces acted.

This essay will try to show that symbiosis and cooperation have been responsible for all of 
the great upward steps in evolution, including the development of the first prokaryotes, the 
first eukaryotes, the first multi-cellular organisms, and the first cooperative groups of multi-
cellular organisms. The views of T.H. Huxley, who stressed competition as an evolutionary 
force, will be contrasted with the ideas of Charles Darwin himself, Peter Kropotkin and Lynn 
Margulis and others, who fully understood the importance of symbiosis and cooperation in 
evolution.

The Explosion of Human Knowledge
Cultural evolution depends on the non-genetic storage, transmission, diffusion and uti-

lization of information. The development of human speech, the invention of writing, the 
development of paper and printing, and finally in modern times, mass media, computers 
and the Internet – all these have been crucial steps in society’s explosive accumulation of 
information and knowledge. Human cultural evolution proceeds at a constantly-accelerating 
speed, so great in fact that it threatens to shake society to pieces. 

Every species changes gradually through genetic evolution; but with humans, cultural 
evolution has rushed ahead with such a speed that it has completely outstripped the slow rate 
of genetic change. Genetically, we are quite similar to our neolithic ancestors, but their world 
has been replaced by a world of quantum theory, relativity, supercomputers, antibiotics, 
genetic engineering and space telescopes; unfortunately, by a world of nuclear weapons and 
nerve gas too. 
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Because of the slowness of genetic evolution in comparison to the rapid and constantly-
accelerating rate of cultural change, our bodies and emotions (as Malthus put it, the “passions 
of mankind”) are not completely adapted to our new way of life. They still reflect the way of 
life of our hunter-gatherer ancestors. 

Within rapidly-moving cultural evolution, we can observe that technical change now 
moves with such astonishing rapidity that neither social institutions, nor political structures, 
nor education, nor public opinion can keep pace. The lightning-like pace of technical progress 
has made many of our ideas and institutions obsolete. For example, the absolutely sovereign 
nation-state and the institution of war have both become dangerous anachronisms in an era of 
instantaneous communication, global interdependence and all-destroying weapons.

In many respects, human cultural evolution can be regarded as an enormous success. 
However, at the start of the 21st century, most thoughtful observers agree that civilization is 
entering a period of crisis. As all curves move exponentially upward – population, production, 
consumption, rates of scientific discovery, and so on – one can observe signs of increasing 
environmental stress, while the continued existence and spread of nuclear weapons threaten 
civilization with destruction. Thus, while the explosive growth of knowledge has brought 
many benefits, the problem of achieving a stable, peaceful and sustainable world remains 
serious, challenging and unsolved.

Tribal Emotions and Nationalism
In discussing conflicts, we must be very careful to distinguish between two distinct types 

of aggression exhibited by both humans and animals. The first is intra-group aggression, 
which is often seen in rank-determining struggles, for example, when two wolves fight for 
pack leadership, or when males fight for the privilege of mating with females. Another com-
pletely different type of aggression is seen when a group is threatened by outsiders. Most 
animals, including humans, then exhibit a communal defense response – self-sacrificing and 
heroic combat against whatever is perceived to be an external threat. It is this second type of 
aggression that makes war possible.

Arthur Koestler has described inter-group aggression in an essay entitled “The Urge to 
Self-Destruction”, where he writes:

“Even a cursory glance at history should convince one that individual crimes, committed 
for selfish motives, play a quite insignificant role in the human tragedy compared with the 
numbers massacred in unselfish love of one’s tribe, nation, dynasty, church or ideology... 
Wars are not fought for personal gain, but out of loyalty and devotion to king, country or 
cause...”

“We have seen on the screen the radiant love of the Führer on the faces of the Hitler 
Youth... They are transfixed with love, like monks in ecstasy on religious paintings. The 
sound of the nation’s anthem, the sight of its proud flag, make you feel part of a wonderfully 
loving community. The fanatic is prepared to lay down his life for the object of his worship, 
as the lover is prepared to die for his idol. He is, alas, also prepared to kill anybody who 
represents a supposed threat to the idol.”
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Members of tribe-like groups are bound together by strong bonds of altruism and loyalty. 
Echoes of these bonds can be seen in present-day family groups, in team sports, in the fel-
lowship of religious congregations, and in the bonds that link soldiers to their army comrades 
and to their nation. 

Warfare involves not only a high degree of aggression, but also an extremely high degree 
of altruism. Soldiers kill, but they also sacrifice their own lives. Thus, patriotism and duty are 
as essential to war as the willingness to kill. 

Tribalism involves passionate attachment to one's own group, self-sacrifice for the sake 
of the group, willingness both to die and to kill if necessary to defend the group from its 
enemies, and belief that in case of a conflict, one’s own group is always in the right. Unfor-
tunately these emotions make war possible; and today a Third World War might lead to the 
destruction of civilization.

The Mystery of Self-Sacrifice in War
At first sight, the willingness of humans to die defending their social groups seems hard 

to explain from the standpoint of Darwinian natural selection. After the heroic death of such 
a human, he or she will be unable to produce more children, or to care for those already born. 
Therefore, one might at first suppose that natural selection would work strongly to eliminate 
the trait of self-sacrifice from human nature. However, the theory of population genetics and 
group selection can explain both the willingness of humans to sacrifice themselves for their 
own group, and also the terrible aggression that they sometimes exhibit towards competing 
groups. It can explain both intra-group altruism and inter-group aggression.

Fischer, Haldane, Hamilton and Wilson
The idea of group selection in evolution was proposed in the 1930s by J.B.S. Haldane and 

R.A. Fischer, and more recently it has been discussed by W.D. Hamilton and E.O. Wilson.

If we examine altruism and aggression in humans, we notice that members of our species 
exhibit great altruism towards their own children. Kindness towards close relatives is also 
characteristic of human behavior, and the closer the biological relationship is between two 
humans, the greater is the altruism they tend to show towards each other. This profile of alt-
ruism is easy to explain on the basis of Darwinian natural selection since two closely related 
individuals share many genes and, if they cooperate, the genes will be more effectively pro-
pagated.

To explain the communal defense mechanism from an evolutionary point of view, – the 
willingness of humans to kill and be killed in defense of their communities – we have only 
to imagine that our ancestors lived in small tribes and that marriage was likely to take place 
within a tribe rather than across tribal boundaries. Under these circumstances, each tribe 
would tend to consist of genetically similar individuals. The tribe itself, rather than the indi-
vidual, would be the unit on which the evolutionary forces of natural selection would act.

According to the group selection model, a tribe whose members showed altruism towards 
each other would be more likely to survive than a tribe whose members cooperated less 
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effectively. Since several tribes might be in competition for the same territory, successful 
aggression against a neighboring group could increase the chances for survival of one’s own 
tribe. Thus, on the basis of the group selection model, one would expect humans to be kind 
and cooperative towards members of their own group, but at the same time to sometimes 
exhibit aggression towards members of other groups, especially in conflicts over territory. 
One would also expect intergroup conflicts to be most severe in cases where the boundaries 
between groups are sharpest – where marriage is forbidden across the boundaries.

Language, Religion and Tribal Markings
In biology, a species is defined as a group of mutually fertile organisms. Thus, all humans 

form a single species, since mixed marriages between all known races will produce children, 
and subsequent generations in mixed marriages are also fertile. However, although there is 
never a biological barrier to marriages across ethnic and racial boundaries, there are often 
very severe cultural barriers.

Irenäus Eibl-Eibesfeldt, a student of Konrad Lorenz, introduced the word “pseudospecia-
tion” to denote cases where cultural barriers between two groups of humans are so strongly 
marked that marriages across the boundary are difficult and infrequent.

In such cases, he pointed out, the two groups function as though they were separate 
species, although from a biological standpoint this is nonsense. When two such groups are 
competing for the same land, the same water, the same resources, and the same jobs, the 
conflicts between them can become very bitter indeed. Each group regards the other as being 
“not truly human”.

In his book “The Biology of War and Peace”, Eibl-Eibesfeldt discusses the “tribal mar-
kings” used by groups of humans to underline their own identity and to clearly mark the 
boundary between themselves and other groups. One of the illustrations in his book shows 
the marks left by ritual scarification on the faces of the members of certain African tribes. 
These scars would be hard to counterfeit, and they help to establish and strengthen tribal 
identity. Seeing a photograph of the marks left by ritual scarification on the faces of African 
tribesmen, it is impossible not to be reminded of the dueling scars that Prussian army officers 
once used to distinguish their caste from outsiders.

Surveying the human scene, one can find endless examples of signs that mark the bearer 
as a member of a particular group – signs that can be thought of as “tribal markings”: tattoos; 
piercing; bones through the nose or ears; elongated necks or ears; filed teeth; Chinese binding 
of feet; circumcision, both male and female; unique hair styles; decorations of the tongue, 
nose, or naval; peculiarities of dress, kilts, tartans, school ties, veils, chadors, and headdres-
ses; caste markings in India; use or nonuse of perfumes; codes of honor and value systems; 
traditions of hospitality and manners; peculiarities of diet (certain foods forbidden, others 
preferred); giving traditional names to children; knowledge of dances and songs; knowledge 
of recipes; knowledge of common stories, literature, myths, poetry or common history; fes-
tivals, ceremonies, and rituals; burial customs, treatment of the dead and ancestor worship; 
methods of building and decorating homes; games and sports peculiar to a culture; relati-
onship to animals, knowledge of horses and ability to ride; non-rational systems of belief. 
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Even a baseball hat worn backwards or the professed ability to enjoy atonal music can mark 
a person as a member of a special “tribe”.

By far, the most important mark of ethnic identity is language, and within a particular lan-
guage, dialect and accent. If the only purpose of language were communication, it would be 
logical for the people of a small country like Denmark to stop speaking Danish and go over 
to a more universally-understood international language such as English. However, language 
has another function in addition to communication: it is also a mark of identity. It establishes 
the boundary of the group.

After language, the most important “tribal marking” is religion. It seems probable that in 
the early history of our hunter-gatherer ancestors, religion evolved as a mechanism for per-
petuating tribal traditions and culture. Like language, and like the innate facial expressions 
studied by Darwin, religion is a universal characteristic of all human societies. All known 
races and cultures practice some sort of religion. Thus, a tendency to be religious seems to 
be built into human nature.

Formation of Group Identity
Although humans originally lived in small, genetically homogeneous tribes, the social 

and political groups of the modern world are much larger, and are often multiracial and 
multiethnic. 

There are a number of large countries that are remarkable for their diversity, for example, 
Brazil, Argentina and the United States. Nevertheless, it has been possible to establish social 
cohesion and group identity within each of these enormous nations. India and China too, are 
mosaics of diverse peoples, but nevertheless, they function as coherent societies. Thus, we 
see that group identity is a social construction, in which artificial “tribal markings” define the 
boundaries of the group. 

As an example of the use of tribal markings to establish social cohesion over a large group 
of genetically dissimilar humans, one can think of the role of baseball and football in the 
United States. Affection for these sports and knowledge of their intricacies establish social 
bonds that transcend racial and religious barriers.

One gains hope for the future by observing how it has been possible to produce both 
internal peace and social cohesion over very large areas of the globe – areas that contain 
extremely diverse populations. The difference between making large, ethnically diverse 
countries function as coherent sociopolitical units and making the entire world function as a 
unit is not very great. 

Since group identity is a social construction, it is not an impossible goal to think of enlar-
ging the already-large groups of the modern world to include all of humanity.

The Social Insects
The social insects, ants, bees, wasps and termites, exhibit nearly perfect altruism towards 

members of their own group. This extreme form of altruism towards near relations (kin alt-
ruism) is closely connected with the peculiar method of reproduction of the social insects. 



120

World Academy of Art & Science Eruditio, Issue 1 - Part 3, July 2012 World Academy of Art & Science Eruditio, Issue 1 - Part 3, July 2012

The workers are sterile or nearly sterile, while the queen is the only reproductive female. The 
result of this special method of reproduction is that very nearly perfect altruism is possible 
within a hive or nest, since genetic changes favoring antisocial behavior would be detri-
mental to the hive or nest as a whole. The hive or nest can, in some sense, be regarded as 
a superorganism, with the individuals cooperating totally in much the same way that cells 
cooperate within a multicellular organism. The social insects exhibit aggression towards 
members of their own species from other hives or nests, and can be said to engage in wars. 
Interestingly, a similar method of reproduction, associated with extreme intra-group altruism, 
has evolved among mammals, but is represented by only two species: the naked mole rat and 
Damaraland mole rat.

From Thomas Huxley to Lynn Margulis and Symbiosis
Charles Darwin (1809-1882) was acutely aware of close and mutually beneficial relation-

ships between organisms. For example, in his work on the fertilization of flowers, he studied 
the ways in which insects and plants can become exquisitely adapted to each other’s needs. 

On the other hand, Thomas Henry Huxley (1825-1895), although he was a strong suppor-
ter of Darwin, saw competition as the main mechanism of evolution. In his essay “Struggle 
for Existence and its bearing upon Man”, Huxley wrote: “From the point of view of the mora-
list, the animal world is about on the same level as a gladiators’ show. The creatures are fairly 
well treated and set to fight; hereby the strongest, the swiftest, and the cunningest live to fight 
another day. The spectator has no need to turn his thumbs down, as no quarter is granted.”

Prince Peter Kropotkin (1842-1921) argued strongly against Huxley’s point of view in 
his book “Mutual Aid; A Factor of Evolution”. “If we ask Nature,” Kropotkin wrote, “‘who 
are the fittest: those who are continually at war with each other, or those who support one 
another?’ we at once see that those animals that acquire habits of mutual aid are undoubtedly 
the fittest. They have more chances to survive, and they attain, in their respective classes, the 
highest development of intelligence and bodily organization.”

Today, the insights of modern biology show that although competition plays an important 
role, most of the great upward steps in evolution have involved cooperation. The biologist 
Lynn Margulis (1938-2011) has been one of the pioneers of the modern viewpoint which 
recognizes symbiosis as a central mechanism in evolution. 

One-Celled Organisms seen as Examples of Cooperation
The first small bacterial cells (prokaryotic cells) can be thought of as cooperative com-

munities in which autocatalytic molecules thrived better together than they had previously 
done separately. 

The next great upward step in evolution, the development of large and complex (eukary-
otic) cells, also involved cooperation: many of their components, for example, mitochondria 
(small granular structures that are needed for respiration) and chloroplasts (the photosynthe-
tic units of higher plants) are believed to have begun their existence as free-living prokaryotic 
cells. They now have become components of complex cells, cooperating biochemically with 
the other subcellular structures. Both mitochondria and chloroplasts possess their own DNA, 
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which shows that they were once free-living bacteria-like organisms, but they have survived 
better in a cooperative relationship.  

Cooperation between Cells: Multicellular Organisms
Multicellular organisms evolved from cooperative communities of eukaryotic cells. Some 

insights into how this happened can be gained from examples which are just on the borderline 
between the multicellular organisms and single-celled ones. The cooperative behavior of a 
genus of unicellular eukaryotes called slime molds is particularly interesting because it gives 
us a glimpse of how multicellular organisms may have originated. The name of the slime 
molds is misleading, since they are not fungi, but are similar to amoebae. 

Under ordinary circumstances, the individual cells wander about independently searching 
for food, which they draw into their interiors and digest. However, when food is scarce, 
they send out a chemical signal of distress. (Researchers have analyzed the molecule which 
expresses slime mold unhappiness, and they have found it to be cyclic adenosine monophos-
phate.) At this signal, the cells congregate and the mass of cells begins to crawl, leaving a 
slimy trail. As it crawls, the community of cells gradually develops into a tall stalk, surmoun-
ted by a sphere – the “fruiting body”. Inside the sphere, spores are produced by a sexual 
process. If a small animal, for example, a mouse, passes by, the spores may adhere to its coat; 
in this way, they may be transported to another part of the forest where food is more plentiful.

Slime molds represent a sort of missing link between unicellular and multicellular orga-
nisms. Normally the cells behave as individualists, wandering about independently, but when 
challenged by a shortage of food, the slime mold cells join together into an entity which 
closely resembles a multicellular organism. 

The cells even seem to exhibit altruism, since those forming the stalk have little chance 
of survival, and yet they are willing to perform their duty, holding up the sphere at the top so 
that the spores will survive and carry the genes of the community into the future. 

Multicellular organisms often live in a symbiotic relationship with other species. For 
example, in both animals and humans, bacteria are essential for the digestion of food. Fungi 
on the roots of plants aid their absorption of water and nutrients. Communities of bacteria 
and other organisms living in the soil are essential for the recycling of nutrients. Insects are 
essential to many plants for pollination.

Cooperation in Groups of Animals and Human Groups
The social behavior of groups of animals, flocks of birds and communities of social 

insects involves cooperation as well as rudimentary forms of language. Various forms of 
language, including chemical signals, postures and vocal signals, are important tools for 
orchestrating cooperative behavior. 

The highly developed language of humans made possible an entirely new form of evolu-
tion. In cultural evolution (as opposed to genetic evolution), information is passed between 
generations not in the form of a genetic code, but in the form of linguistic symbols. With 
the invention of writing, and later the invention of printing, the speed of human cultural 
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evolution greatly increased. Cooperation is central to this new form of evolution. Cultural 
advances can be shared by all humans.

Trading in Primitive Societies
Although primitive societies engaged in frequent wars, they also cooperated through 

trade. Peter Watson, an English historian of ideas, believes that long-distance trade took 
place 150,000 years ago. There is evidence that extensive trade in obsidian and flint took 
place during the Stone Age. Evidence for wide ranging prehistoric obsidian and flint trading 
networks has been found in North America. Ancient burial sites in Southeast Asia show that 
there too, prehistoric trading took place across very large distances. Analysis of jade jewelry 
from the Philippines, Thailand, Malaysia and Viet Nam shows that the jade originated in 
Taiwan. 

The invention of writing was prompted by the necessities of trade. In prehistoric Meso-
potamia, clay tokens marked with simple symbols were used for accounting as early as 8,000 
BC. Often these tokens were kept in clay jars, and symbols on the outside of the jars indicated 
the contents. About 3,500 BC, the use of such tokens and markings led to the development 
of pictographic writing in Mesopotamia, and this was soon followed by the cuneiform script, 
still using soft clay as a medium. The clay tablets were later dried and baked to ensure per-
manency. The invention of writing led to a great acceleration of human cultural evolution. 
Since ideas could now be exchanged and preserved with great ease through writing, new 
advances in technique could be shared by an ever larger cooperating community of humans. 
Our species became more and more successful as its genius for cooperation developed.

Gracilization and Decreasing Sexual Dimorphism
Early ancestors of modern humans had a relatively heavy (robust) bone structure in 

relation to their height. This robust bone structure seems to have been favored by frequent 
combat. During their evolution, modern humans became less robust and more gracile. In 
other words, their skeletons became lighter in relation to their height. Simultaneously, the 
height and weight of males became less different from the height and weight of females. 
These trends are generally interpreted as indicating that combat became less important as 
present-day humans evolved. 

Ethics and Growth of the Social Unit
Early religions tended to be centered on particular tribes, and the ethics associated with 

them were usually tribal in nature. However, the more cosmopolitan societies that began to 
form after the Neolithic agricultural revolution required a more universal code of ethics. It 
is interesting to notice that many of the great ethical teachers of human history, for example, 
Moses, Socrates, Plato, Aristotle, Lao Tzu, Confucius, Buddha, and Jesus, lived at a time 
when the change to larger social units was taking place. Tribalism was no longer appropriate. 
A wider ethic was needed.

Today, the size of the social unit is again being enlarged, this time enlarged to include 
the entire world. Narrow loyalties have become inappropriate and there is an urgent need for 
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a new ethic – a global ethic. Loyalty to one’s nation needs to be supplemented by a higher 
loyalty to humanity as a whole.

Interdependence in Modern Human Society
All of the great upward steps in the evolution of life on earth have involved cooperation: 

prokaryotes, the first living cells, can be thought of as cooperative communities of auto-
catalysts; large, complex eukaryote cells are now believed to have evolved as cooperative 
communities of prokaryotes; multicellular organisms are cooperative communities of euka-
ryotes; multicellular organisms cooperate to form societies; and different species cooperate 
to form ecosystems. Indeed, James Lovelock has pointed out that the earth as a whole is a 
complex interacting system that can be regarded as a huge organism.

The enormous success of humans as a species is due to their genius for cooperation. The 
success of humans is a success of cultural evolution, a new form of evolution in which infor-
mation is passed between generations, not in the form of DNA sequences but in the form of 
speech, writing, printing and finally electronic signals. Cultural evolution is built on coope-
ration, and has reached great heights of success as the cooperating community has become 
larger and larger, ultimately including the entire world. 

Without large-scale cooperation, modern science would never have evolved. It developed 
as a consequence of the invention of printing, which allowed painfully gained detailed know-
ledge to be widely shared. Science derives its great power from concentration. Attention and 
resources are brought to bear on a limited problem until all aspects of it are understood. It 
would make no sense to proceed in this way if knowledge were not permanent, and if the 
results of scientific research were not widely shared. But, today, the printed word and the 
electronic word spread the results of research freely to the entire world. The whole human 
community is the repository of shared knowledge.

The achievements of modern society are achievements of cooperation. We can fly, but no 
one builds an airplane alone. We can cure diseases, but only through the cooperative efforts 
of researchers, doctors and medicinal firms. We can photograph and understand distant gala-
xies, but the ability to do so is built on the efforts of many cooperating individuals.

An isolated sponge cell can survive, but an isolated human could hardly do so. Like an 
isolated bee, a human would quickly die without the support of the community. The comfort 
and well-being that we experience depends on far-away friendly hands and minds, since trade 
is global, and the exchange of ideas is also global. 

Finally, we should be conscious of our cooperative relationships with other species. We 
cannot live without the bacteria that help us to digest our food. We cannot live without the 
complex communities of organisms in the soil that convert dead plant matter into fertile 
topsoil. We cannot live without plants at the base of the food chain, but plants require pol-
lination, and pollination frequently requires insects. An intricate cooperative network of 
inter-species relationships is necessary for human life, and indeed necessary for all life. Com-
petition plays a role in evolution, but the role of cooperation is greater.
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Two Sides of Human Nature
Looking at human nature, both from the standpoint of evolution and from that of every-

day experience, we see the two faces of Janus: one face shines radiantly; the other is dark and 
menacing. Two souls occupy the human breast, one warm and friendly, the other, murderous. 
Humans have developed a genius for cooperation, the basis for culture and civilization; but 
they are also capable of genocide; they were capable of massacres during the Crusades, 
capable of genocidal wars against the Amerinds, capable of the Holocaust, of Hiroshima, of 
the killing-fields of Cambodia, of Rwanda, and of Darfur.

As an example of the two sides of human nature, we can think of Scandinavia. The 
Vikings were once feared throughout Europe. The Book of Common Prayer in England con-
tains the phrase “Protect us from the fury of the Northmen!” Today the same people are so 
peaceful and law-abiding that they can be taken as an example for how we would like a future 
world to look. Human nature has the possibility for both kinds of behavior depending on the 
circumstances. This being so, there are strong reasons to enlist the help of education and reli-
gion to make the bright side of human nature win over the dark side. Today, the mass media 
are an important component of education, and thus the mass media have a great responsibility 
for encouraging the cooperative and constructive side of human nature rather than the dark 
and destructive side. 
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