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Letter from the Editors
Dear reader,
Since 2006 the Euresis Association organises a series of annual Symposia
at the University of San Marino, devoted to the discussion of fundamental
topics in modern science. The themes are taken from across disciplines and
chosen based on their relevance and breadth of impact. In some occasions,
the Symposia also focused on reﬂecting about the scientiﬁc endevour itself, in
an enlightening exercise that invites world-leading scientists and scholars to
speak openly about their personal experience of creativity and discovery. The
subjects treated until now, including consciousness and evolution for example,
are all at the forefront of research and share that high degree of complexity
which characterises much of contemporary science. It is this complexity, ﬁlled
with multidisciplinary interfaces, that responds for the widespread sense that
scientiﬁc progress can no longer be achieved without cross-fertilisation.
The route of specialisation followed so successfully by science in the course
of the past century has prized us with the possibility to formulate many of the
fundamental questions about nature, by then an exclusive subject of philosophical inquiry, within the sphere of the scientiﬁc method. Given the nature of
such questions (Where do we come from?, What is the fate of the Universe?,
What is it to be human?), and the limited technical resources available to
tackle them, it should not be too surprising that the current state of aﬀairs
leads us to a position of greater openness to dialogue. It should surprise us
neither that each discipline, with its own methods, arrives at singular perspectives on its way to answer these questions, exalting those particulars which
are more akin to the adopted approach.
What is then the novelty we arrive at after the experience of six San Marino
Symposia, apart from saying that interdisciplinarity is here to stay? Each
discipline follows its own methodologies, carefully drafted and developed to
suite the requisites imposed by their respective objects of study. Scientiﬁc
ingenuity is indeed master in identifying and tackling problems according to
this epistemological principle. So large has been its success in asking the
good questions with the right tools that it currently incurs in a grave danger:
To invert the principle above and attempt to circumscribe reality to those
aspects belonging to the realm of investigation of the scientiﬁc method, thus
identifying reason with a restricted set of its capacities.
In San Marino, instead, we are learning that no true synthesis of knowledge
is possible by following an exclusive line of inquiry - the basic prerogative of
interdisciplinarity - or by adopting a particular method of knowledge as absolutely preferred to all others. The experience of the San Marino Symposia
has been constantly revealing an unexpected plurality which exists within the
unity of every subject discussed, dismissing in every case the possibility of a
complete ”patronage” of reality by whichever discipline or set of disciplines
one might consider better tuned to understand it.
This is also clear in this fourth issue of EJ, dedicated to ”Biological Evolution
and the Nature of Human Beings.” It thus suggests us that this perception
of the importance of interdisciplinary research today is less of a contingent
characteristic of the problems we happen to be dealing with, but more likely
holds the potential for an epistemological shift. The truth of this aﬃrmative
is still to be veriﬁed, but in a world which science shows to be rich beyond
all expectations, such plurality might well be awe-inspiring, but should not
bewilder the open mind.
©
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Abstract
Both science and religion claim descent from wonder. In the ﬁrst part of this essay, I analyze these
paths of descent and use this common origin from wonder to model how science and religion could
creatively act in concert. In the second portion of this essay, I try to show how new concepts of
evolution coming from developmental biology and symbiosis research strengthen the links between
science and religion. These concepts place the competitive model of evolution within a larger noncompetitive, and even cooperative, framework. I use embryological models to discuss how new things
are generated by interactions between prior entities that are diﬀerent from one another yet sharing
underlying similarity. In the third portion of the essay, I document the need for concerted action
of science with religion in the conﬂicts and alliances between three great centers of social power:
science, religion, and corporate interest. Recent data has shown the immediate need for strong
alliances between science and religion in preserving wonder and life as we know it.

.

1. Wonder, the common progenitor of religion and science
“I am fearfully and wonderfully made,” says the psalmist (Psalm 139:14). But what is it to
be fearfully and wonderfully made? How does one respond to this wonder and yiráh/fear/awe
of one’s body? I want to go back to the source of these questions: wonder. I will be proposing
some hypotheses concerning wonder and the relationship of science and religion.
I profess embryology, the science of how one’s bodies are made, a science that seeks answers to ancient questions: How did I come into being? How does sexual union generate
a new life? How do I come to look like my parents? How come I have only two eyes, and
they are both in my head and nowhere else? How do my muscles become connected to
my bones? How come some people have penises and others can have babies? What traits
of mine are learned culturally and which ones did I inherit biologically? How am I like and
how am I diﬀerent from other animals? Why can’t I grow back my hand like salamanders do?
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Embryology
is a profession where wonder remains an operative category. Reviewers of embryology textbooks will write whether or not they think the book under consideration has
captured the wonder of development. Wonder is actually expected in the teaching laboratory,
and it is used as a motivation to learn the science. French embryologist Jean Rostand [1] said
it very well when he wrote,”What a profession this is – this daily inhalation of wonder.” As
an embryologist, I’m privileged to experience wonder daily and to expect to be amazed when
I enter the laboratory. For many of us, though, wonder has become something we experience
only on vacations or as a surprise.
I would contend that wonder is a primary experience, the result of the mind encountering the
universe. But only mystics, perhaps, can live in a state of perpetual wonder. For most of us,
wonder has a short half-life and rapidly decays into two lesser, but still powerful components:
awe and curiosity. This is clearly seen in language, where wonder has both these meanings.
Curiosity is seen in the English expression, “I wonder.” Awe is seen in our declarations of
“the wonder of the world.” Awe and curiosity both originate from wonder. From curiosity
comes the quest for truth about the physical universe and the testing of ideas against other
ideas and against experience; that is to say, the foundations of philosophy and science [2].
From awe come the reverence and gratitude that are characteristic of the religious attitude.
Science and religion, let me hypothesize, both descend from wonder.
We see this genealogy from wonder in fragments, and I will try to put them together. First,
let’s look at the path to science. Plato and Aristotle both agreed that wonder is the beginning of knowledge. Echoing Plato’s Theaetetus, Aristotle [3, 4] notes, “For it is owing to
their wonder that men both now begin and at ﬁrst began to philosophize”. At the beginnings of modern science, Francis Bacon [5], no friend of either Aristotle or Plato, reaﬃrmed
that wonder was “the seed of knowledge.” Statements of wonder are not uncommon in the
autobiographies of our contemporary embryologists [2].
One of the most important statements of wonder in embryology is from the medieval rabbi
and physician Maimonides. He writes [6]:
A pious man of my time would say that an angel of God had to enter the womb of a
pregnant woman to mold the organs of the fetus…This would constitute a miracle. But
how much more of a miracle would it be if God had so empowered matter to be able to
create the organs of a fetus without having to employ an angel for each pregnancy?

Indeed, my job, my career, is to discover some of the ways by which ordinary matter (whether
divinely created or not) can form itself into an organized embryo. It’s amazing. The biologist
and poet Miroslav Holub [7] writes:
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. . Between the ﬁfth and tenth days the lump of stem cells diﬀerentiates into the overall
building plan of the embryo and its organs. It is like a lump of iron turning into the space
shuttle. In fact, it is the profoundest wonder we can imagine and accept, and at the same
time so usual that we have to force ourselves to wonder about the wondrousness of this
wonder.

Yet, I write about the molecules and processes by which the embryonic stem cells interact
with their neighboring cells to create the precursors of the brain, heart, skin, and gut. The
knowledge of how this wonder takes place does not diminish it in any way. Rather, in positive
feedback, it makes the process even more wonder-full. “The amazing thing about mammalian
development,” writes embryologist Veronica van Heyningen [8], “is not that it sometimes goes
wrong, but that it ever succeeds.” So wonder can give rise to curiosity, which promotes the
theorizing and testing that is science. Wonder can give rise to knowledge.
But knowledge is not wisdom. Moses, Jesus, Siddhartha, and Muhammad did not know
the number of protons in a carbon atom or the four bases of DNA. Knowledge is critically
important, but it cannot pass for wisdom.1 Wisdom is how to use one’s knowledge to lead a
righteous life. It is the framework of the mind, not its furniture. “Awareness of the divine,”
writes religious philosopher Abraham Joshua Heschel [11], “begins in wonder.” For wonder
generates not only knowledge, but also wisdom. He continues, “The beginning of awe is
wonder and the beginning of wisdom is awe... Knowledge is fostered by curiosity; wisdom is
fostered by awe.”
� So here we have part of the genealogy from wonder. Wonder can generate curiosity and
awe. From curiosity, one gets knowledge. From awe, one can get wisdom. Commenting on
the numerous times in the Bible (e.g., Proverbs 1:7; Psalm 111:10; Job 28:28) where awe
is pronounced to be the beginning of wisdom, Heschel [11] claims that awe is the primary
requisite of the religious attitude. “Awe precedes faith; it is at the root of faith.” The Scottish philosopher and essayist Thomas Carlyle [12] similarly viewed wonder, not faith, as the
basis for worship.2 According to this perspective, awe is the principle attitude of the religious
1

There are, however, important relationships between knowledge and wisdom. One rabbinic commentary
(Tanhuma 2,5; see [9]) suggests that Noah was called “righteous” because he went out of his way to painstakingly acquire detailed knowledge of the habits and feeding schedules of the animals so that he could house
them properly on the ark. Here we have the beginnings of the notion that one has to know what is true
in order to do what is good. The agnostic evolutionist Thomas Huxley [10] made this an explicit principle:
“Learn what is true in order to do what is right.” Here we also see one instance how science and religion
can form alliances despite their diﬀerences. To this biologist (and I’m sure to many more), the Noah story
is probably the stupidest narrative of the Bible. However, we can learn from this story that the world can
suﬀer for human moral failings, that humans have a stake in creation, and that wisdom needs knowledge.
2
“Worship is transcendent wonder,” wrote Carlyle [12], and he agreed with Novalis that the wonder of all
wonders, the true object of veneration, must be the human body. There are very few religious prayers or rituals
that acknowledge the wonder of our carnal bodies. One of those prayers is the Jewish prayer, “Asher Yatzar,”
which is said after successful defecation or urination (www.jewishpathways.com/files/asher-yatzar.pdf).
It acknowledges that God has made us “with wisdom,” and that if any of our body’s valves be open when it
should be shut or shut when it should be open, we would not be alive to oﬀer praise to God who heals the
ﬂesh and acts wondrously (“U’maﬂi la’asos”). This prayer, coming when it does, also celebrates the wonder
of metabolism. We have numerous prayers for the entry of food into our body; this prayer may be unique
in celebrating its exit. But both intake and exit are critical events, worthy of blessing, for they mark our
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since awe generates the reverence and gratitude that are critical for the religious view
of the world. Thus, one can aﬃrm the following lineages from wonder: wonder gives rise to
curiosity and awe. Curiosity gives rise to science and philosophy; awe gives rise to religion.
Surprisingly, then, science and religion, instead of being antagonistic enemies, ﬁnd themselves
to be close relatives, cousins, grandchildren of wonder. Any ﬁghts between them are within
the family, not between aliens with separate genealogies. And what we call “science” and
“religion” are only two members of the family. In this essay, “religion” will be shorthand
for “religious attitude.” This awe-inspired attitude, preceding theology, does not depend on
theology; nor is it dependent on belief in a deity. Animistic and pantheistic traditions may,
in fact, apprehend the awe in nature more directly than monotheistic religions; and Humanists, although denying a transcendent deity, recognize awe in nature as well as in artistic
achievements.3
So what do we do with this newfound family? Here, again, Heschel helps us by stating the
problem in a stark existential manner: “It is not a sense of awe, wonder, or fear, which is
the root of religion; but rather the question of what to do with the feeling for the mystery of
living, what to do with awe, wonder, or fear….” Moreover, warns Heschel [11], “As civilization
advances, the sense of wonder declines... Humankind will not perish for want of information;
but only for want of appreciation.”
The problem, then, is two-fold. First, why doesn’t our civilization suﬃciently recognize wonder? And second, how do we respond to wonder? To answer the ﬁrst question, we ﬁnd that
much of this decline in the sense of wonder is due to the structure of our disciplines. There is
in Western thought a fear of Wonder and its power. Philosopher Mary-Jane Rubenstein [15]
has documented that one of the West’s most important philosophical projects has been the
internalization of wonder into philosophy, making wonder, itself, an object explainable by
rational thought. Wonder may have been the font of knowledge for Aristotle, but he claimed
that after it initiated curiosity, wonder would be dangerous, preventing one from rationally
realizing “the better state” of knowing the causes. Similarly, René Descartes and Francis Bacon saw wonder as a passion that precedes knowledge and which must be quickly jettisoned.
To them, the rational control of the wondrous was a source of power. And in religion, wonder
and awe become replaced by theology and piety. Without awe, both theology and piety get
stripped of fear and trembling, of power and of the recognition that one is not “in control,”
metabolism. Metabolism is nothing less than the strategy of living matter. It is the separation of form and
substance. We live by constantly changing our component molecules. If they do not change, we die [13, 14].
The metaphor is that of a wave or whirlpool that keeps its identity and form by changing the molecules that
comprise them.
3
In America, humanists have shown much more sensitivity to the awe of nature than fundamentalists,
who view the Bible as a science text, reducing wisdom to mere “fact.” Later in this essay, we will focus
on Western monotheistic religions, because the crisis in the environment is a Western-derived crisis, and it
reﬂects power relationships between science, religion, and economics that are particularly Western. In that
power network, humanism becomes less important, as it can appreciate awe and defend it intellectually, but
it has so far lacked the emotional force to rally people against corporate interests.
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crucial to wonder in both science and religion. So one important project, one
that should be performed in science and religion, is to take wonder seriously and to realize
that it is becoming endangered. It cannot be assumed anymore.
The second question concerns what to do with the sense of wonder, awe, and fear; and that
is the subject for the remainder of this essay. The main answer is that the two “warring”
descendents of wonder—religion and science—will have to form alliances. According to the
model I’m presenting, both science and religion depend on wonder and will perish without
wonder. So science and religion should be allies in preserving the sources of wonder. At
the present, we have three enormous social sources of power: science, religion, and economic
proﬁt. As long as science and religion remain enemies, money wins. It will create technologies out of science for the pollution of the planet in the name of progress, and it will create
theologies that conﬂate a person’s worth with his or her ﬁnancial worth. However, it is not
diﬃcult to imagine a series of real alliances between science and religion. Imagine evangelic
Protestants with a serious view of stewardship allying themselves with evolutionary biologists
for the protection of wetlands. Imagine staunch Roman Catholics making agreements with
Planned Parenthood to protect the fetus by eliminating BPA and other fetotoxic chemicals
from the environment.
Yes, it means “dealing with the devil.” But let’s assume that both creationist Protestants
and agnostic biologists both want their children to see the loons landing on the lake and
to know the taste of freshly caught trout. Let’s assume that the Catholic Archbishop and
the physician who prescribes birth control pills both want healthy babies in healthy families.
These are certainly not unreasonable assumptions. And such alliances are forming. Recent
examples include eﬀorts by the Ethiopian Orthodox Church [16] and the Greenbelt Movement4 to save and restore forests in Africa, as well as the stewardship coalitions mobilized
to stop mountaintop removal coal mining in the Appalachians [17]. In America, the Creation Care movement has urged its subscribers to support legislation tightening restrictions
of environmental mercury. “Being ’pro-life,”’ says one editorial [18], “is more than being
’anti-abortion.”’ Stewardship and protection of biodiversity is an area where science and
religion can become allies.

2. Darwinism and the schism of science and religion
One of the major reasons why biology and religion have been at odds with each other is a
scientiﬁc theory of biodiversity called “evolution” or “Darwinism.” Evolution is certainly at
odds with the literal words of the Bible; but such “Young Earth Creationists” are only a
small minority of the people opposed to evolution. More people are against its materialism
(no Divine cause is needed), its contingency (there’s no “plan” in nature and no evidence
4

The Greenbelt Movement, http://www.greenbeltmovement.org/
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. . God cares particularly for the human species), and most importantly, the competitive
that
behavior that is the center of “survival of the ﬁttest” [19, 20, 21, 22].
The adjective “Darwinian” is often used in popular culture to denote competition to the
death. Evolutionary theory is indeed about life and death and has four major components [23]:
• there is variation within a species;
• most animals do not survive to reproduce;
• those animals that do survive to reproduce have certain traits that make them particularly ﬁt for the environment;
• the members of the next generation come from this group of survivors and bear the
genes that produced the traits that made their parents ﬁt for particular environments.

Evolutionary theory has been tested for over 150 years and it has survived each challenge.
We can even look at the genes between chimps and humans and see where we diﬀer. We
can even see evolution occurring. When we treat mosquitoes with DDT, only those insects
carrying genes enabling them to degrade DDT will survive. In areas of malaria, those humans
carrying genes that prevent the malarial parasite from entering their blood survive preferentially. Notice that “competition” is not due to physical violence, but to genes transmitted
by parents. Still, there is competition between members of the same species.
The person who promulgated the view that this competition was warfare was Darwin’s friend
and colleague, Thomas Huxley. He called nature a “gladiator spectacle,” and he also popularized the paradigm of warfare between science and religion [24, 25]. Huxley felt that he
and other non-clerical scientists should be able to teach biology at a ﬁrst-rate university. In
Victorian England, however, he could not teach biology at the Universities of Cambridge
or Oxford without being an Anglican clergyman. For nature was seen as God’s creation,
and only men of God could interpret it. Science was in the service of religion. Huxley
used evolution as a way of separating Nature from God, and in so doing, helped create and
propagate the paradigm of science versus religion [26]. While the warfare paradigm is not
used today by most scientists (many of whom feel privileged to experience ﬁrsthand the
awe in nature and who are members of established religions [27, 28]), this paradigm is still
being propagated by Richard Dawkins, Daniel Dennett, Rush Limbaugh, and Stephen Meyer.

3. A New biological paradigm
Neither of these paradigms – science in the service of religion or the warfare of science and
religion – work well today. We need new paradigms relating the oﬀspring of wonder. One
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. . paradigm may come from the mixing of evolutionary biology with embryology. This
such
paradigm changes evolutionary biology from being a strictly competitive process to being
a process that integrates cooperation with competition, with cooperation actually playing a
predominant role. The living world, it seems, is full of strange alliances. Let me quickly
describe three biological principles that are being introduced into evolutionary biology [23].

3.1 Reciprocal induction
Bodies are made through reciprocal interactions. The fertilized egg divides several times and
produces a few diﬀerent cell types. These cells then interact with one another to produce new
cell types and organs. For instance, when a group of cells extending from the brain touch the
cells of the head epidermis, these epidermal skin cells are turned into the lens, and the brain
cells are transformed into the retina. Interactions between brain cells and skin cells create
the retina and the lens, and establish their positions in the eye. The retina and the lens did
not exist before this interaction [29]. This reciprocal interaction created new things—a lens,
a retina, an eye. Similarly, the limbs and the heart form by interactions between cells. The
cells reciprocally change each other. They cannot become what they need to become to make
a healthy organism without each other.
This central paradigm of interactive development (the type of development used to generate most organs) is that, ﬁrst, the single cell, the fertilized egg, divides to create numerous
cells. These cells diﬀer by the cytoplasm they inherit or their position in the embryo. The
important thing is that even though they possess the same genes (since they are the mitotic
descendants of the fertilized egg), they are expressing diﬀerent subsets of these genes. Once
there are diﬀerences, then the cells can interact and further change the genes being expressed
in their neighbors [30, 31]. All cells are neighbors to other cells, and so they are both aﬀected
and aﬀecting in reciprocal relays. Thus, in kidney development, the dozen cell types of the
adult kidney are each formed by the interactions of two sets of founder cells. Each of the
founder cell types would die if they did not interact. But by their interaction, they form the
kidney cell types in the correct linear arrangement.

3.2 Evolution as changes in developmental regulation
How does novelty enter the world? How is a new type of organism produced? Darwin’s
theory of natural selection works exceptionally well to explain how species adapt to their
environments and to explain descent with modiﬁcation [23, 32, 33]. However, to form new
modes of organization— the shells of turtles, mammalian hair, or the large brains of humans,
one needs to understand that these are alterations in embryonic development. As Thomas
Huxley [30] said in 1893, “Evolution is not speculation but fact; and it occurs through epigenesis.” Epigenesis is the technical term for progressive body construction, a term borrowed
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from
it was only a century later that we had a theory of body construction, so traditional evolutionary theory did not include this area. Competitive selection of existing variation is one
part of evolution; but the origin of the existing variation, as Darwin knew [34], was the remaining part.
As the genetic mechanisms of epigenesis were becoming discovered in the 1970s, Alan Wilson
and Mary-Clair King [35] and François Jacob [36] argued that variation had to be generated
during the embryonic and larval periods. The critical diﬀerences between chimpanzees and
humans or between shrimps and insects lay not in the portion of the genes encoding the
proteins used in competition between adults, but in the regulatory regions of genes that are
involved in constructing the embryo. The important genes were those generating anatomy,
and the key to evolution was to be found in how those genes were controlled during development. Hughes and Kaufmann [37] framed the question very succinctly when they wrote,
To answer this question [of arthropod adaptations] by invoking natural selection is correct
– but insuﬃcient. The fangs of a centipede ... and the claws of a lobster accord these
organisms a ﬁtness advantage... However, the crux of the mystery is this: From what
developmental genetic changes did these novelties arise in the ﬁrst place?

By altering the reciprocal interactions creating organs, one can change the way the animal
develops, and hence, its ﬁnal anatomy.
In general, development can be altered by changing gene expression in any of four ways [38,
39]. Changing the place of gene expression enables the formation of such new structures as
the turtle shell, the duck’s webbed foot, and the bat’s wing [40, 41, 42, 43]. By changing
the duration of developmental processes, one gets such novelties as the dolphin’s ﬂipper [44],
the snake’s ribs [45], and the enormous growth of the human brain. Indeed, current developmental genetic research has shown that there are some genes that promote brain cell
division and others that inhibit it. Human brain growth appears to be a combination of the
activation of those genes promoting development combined with the repression of those genes
retarding development [46, 47]. By altering the amount of gene expression, one can explain
the diﬀerent beak shapes of Darwin’s ﬁnches, as well as the ability of certain people to resist
worm parasites better [48, 49]. Last, by actually altering the composition of the gene being
expressed during development, one can explain how insects come to have only six legs and
how the corn kernel grows on the outside of the plant – a mutation that facilitated its use as
food [50, 51, 52]. Notice that these changes occur within the embryo. They do not involve
adults competing for reproductive success. They concern the arrival of the ﬁttest, rather
than the survival of the ﬁttest. This area of evolution concerns the origin of new anatomical
structures. It is not about the selection that ﬁne-tunes the members of a species to particular
evironmental conditions; it is about the origin of the variation that natural selection selects.
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3.3. . Mutualistic symbiosis
Interactions between diﬀerent species of organisms create new and stable types of organisms.
Each organism has its symbionts, persistent microbes that can be acquired from the environment or transmitted from the mother. With the advent of polymerase chain reaction, high
throughput RNA analysis, and next-generation DNA sequencing, it was discovered that we
are not “individuals” by any of the major biological categories [53]. Anatomically, we are
certainly not individuals. We become colonized by microbes at birth, and eventually 90% of
our cells are bacterial. We are a complex series of ecosystems, and each of us house about
160 major species [54]. Physiologically, we coordinate metabolic pathways with symbionts,
In some insects, essential amino acids are made by enzymes provided by both the symbiont
and the host. Genetically, animals have “outsourced” to the microbes the genes that encode
these enzymes as well as encoding certain developmental signals. The genomes of animals
complement those of their symbionts [55, 56]. The maintenance of our health is critically
dependent on these microbes [57, 58, 59]. Developmentally, symbionts have several critical
functions. Throughout the animal kingdom, guts cannot be properly formed without the help
of microbes [60, 61, 62]. This is the case in vertebrates, where the microbes activate gene
expression in the cells destined to become the gut. They induce the formation of several enzymes, as well as producing the signals that induce the gut capillaries and the gut-associated
lymph nodes [63, 64]. By anatomic, physiological, genetic, and developmental criteria, we
are not “individuals.”
Two of the most critical types of biological individuality are immune individuality and evolutionary individuality. But even these are illusory. The “immune self” model of individuality,
was ﬁrst proposed by Sir McFarlane Burnet [65], and it depicts the immune system as a
defensive network against a hostile exterior world. The immune individual rejects anything
that is not “self.” But recent studies (see [53]) have shown that this is only a portion of its
role. The immune system appears to have evolved not as a defensive army, but as “passport
control” or an experienced “bouncer.” It recognizes and facilitates the entry of those microbes that we have allowed to reside within us, and it recognizes and prevents the entry of
those we’ve learned are not good citizens. Indeed, elements of the host immune system have
been co-opted to support the colonization, limitation, and persistence of symbiotic bacteria
within the host [66, 67]. The microbes reciprocate by helping the further development of the
immune system, primarily but not only in the gut [54, 67, 68].
The evolutionary selection of the “individual” is now being seen as a more complex situation;
because the “individual” has numerous genomes, not just one. In the pea aphid, for instance,
the symbiotic microbes provide selectable variation to the entire organism. The genes of some
symbiotic bacteria determine whether the aphid is red or green [69]; the genes of other bacterial symbionts determine the aphid’s rate of reproduction and whether the entire organism
can survive at high temperatures [70]. Still yet another symbiotic bacteria species provides
protection against parasitoid wasps [71]. In humans, there is also evidence that variations
15
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microbes may provide selectable variation [72]. Moreover, since these microbes
are often inherited from the mother, they form a second level of genetic inheritance [73, 74].
Thus, nature may select “teams” or “relationships.” The name given to this new “individual”
made of multiple genomes is the “holobiont” [53, 75, 76].

4. Philosophical importance of the new biological paradigm
The theory of evolution evolves, and it is now incorporating these aspects from other areas
of biology. One of the most important ﬁndings has been that each “individual” organism
develops symbiotically. Neither animals nor plants develop from a single set of genes. Some
of the reciprocal embryonic inductions are coming from cells of other species! The trees that
you see are not individuals. Each tree is a community ecosystem. Not only is it not an
individual. It never was. Its development is determined by several sets of organisms. Their
very cells are populated by other cells [77, 78]. The parable is not only of the mustard seed,
but also of the orchid seed. Consider the beauty of the orchid. Note its symmetry, its color.
But consider also that the orchid seed cannot germinate when planted. It is too small and
does not have the nutrients that will enable it to germinate. Moreover, its seed coat is too
thick to allow nutrients to enter from the soil. In order to germinate, in order to make the
beauty of the orchid, the orchid seed must fuse with a fungus spore. The fungus will provide
the nutrients to allow the orchid to grow, and in so doing, makes its home and shelter. The
orchid will enable the fungus to propagate, while the fungus allows the orchid to ﬂourish [79].
This is the way life works. One makes alliances that aid both partners. The medical biologist
Lewis Thomas [80] wrote about this:
There is a tendency for living things to join up, establish linkages, live inside each other,
return to earlier arrangements, get along whenever possible. This is the way of the world.

Biologists Lynn Margulis and Dorion Sagan [78] put it this way, when they say that the
organism is:
The co-opting of strangers, the involvement and infolding of others into even more complex
and miscegenous genomes…The acquisition of the reproducing other, of the microbe and
the genome, is no mere sideshow. Attraction, merger, fusion, incorporation, cohabitation,
recombination—both permanent and cyclical—and other forms of forbidden couplings, are
the main sources of Darwin’s missing variation.

And it’s not only for plants and insects. Human beings are made by interactions and alliances. We are made by reciprocal interactions between the cells produced by the fertilized
egg. And we are also made by interactions between ourselves and our symbiotic microbes.
We are indeed wonderfully made. As mentioned above, ninety percent of all our cells are
bacterial, and they are intimately involved in making us who we are. We mammals do not
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. . our intestines or immune systems without bacterial help. We have outsourced developform
mental signals to our bacteria. There are salamanders that store algae in their reproductive
glands so that the eggs become covered with photosynthetic plants that supply oxygen to
the egg mass [81]. There are bacteria that determine the sex of some insects [82], and some
molluscs actually transfer the chloroplasts from their algal food into their skin and become
solar powered sea slugs [83]. After that single algal meal, they never have to eat again! There
is probably no such thing as a biological individual. So evolution is as much (or more) about
cooperation than it is competition. Organisms that cooperate best survive best. I am Team
Scott Gilbert. We are all lichens.
This paradigm of entities forming themselves by their mutual and reciprocal interactions is
beginning to take shape. In the writings of philosopher Donna Haraway [84], we see an ethic
of “becoming with” where Deleuze and Guattari [85] meet Darwin and Margulis. Instead of
the existential philosophy characteristic of the competitive evolutionary paradigm “I against
all others,” she has a paradigm of “I become with and through the other.” And biological
science says that this is not metaphor. Haraway grew up as a devout Catholic, was trained
as an embryologist, and she writes [86] that the experience of wonder in both science and
religion was crucial to the reciprocal inductions that shaped her philosophy. She relates the
“becoming with” philosophy directly to both reciprocal induction and symbiosis.
This new biological view of evolution is important because we humans tend to become what
we believe we “are.” Again, Heschel [87] crystalizes this view:
A theory about the stars never becomes a part of the being of the stars. A theory about
man enters his consciousness, determines his self-understanding, and modiﬁes his very
existence. The image of man aﬀects the nature of man.

If we believe that science says we are merely aggressive killer-apes directed by selﬁsh genes,
then we will consider certain behaviors “normal” or “natural,” whereas the same behaviors
might be considered “aberrant” and “unnatural” if we thought that science had determined
that we were the current apex of a trend toward altruism and symbiosis. Science is saying that both competition and cooperation are critical. Indeed, if we think of ourselves as
communities of several organisms, survival is a matter of cooperation. And that is where
we have to begin. The notion that “Darwinian” and “evolutionary” can serve as synonyms
for “selﬁsh” and “ruthlessly competitive” has to be called into question, and largely set aside.
We see this biological paradigm being expressed in certain religious views as well. The notion
of an uncentered self becoming with others has, of course, been a major part of Buddhist
thought. The sage Nagarjuna ﬁnds that the world is composed of interactions and that nothing is. He emphasized [88] that “Things derive their being and nature by mutual dependence
and are nothing in themselves.” This doctrine, Pratityasamutpãda, is variously translated as
“dependent origination”, “conditioned genesis”, “dependent co-arising”, and “interdependent
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arising.”
Thus, any phenomenon comes into being (be-comes) only because of the coming
into existence of other phenomena in a network of mutual cause and eﬀect. Indeed, according
to Nagarjuna, what the Buddha awakened to (bodhi means “to awaken”) was the truth of
interdependent co-origination.
But we now are starting to see this concept in Western religions. These strands were always there, but they are now becoming emphasized. The current Pope, writing as Cardinal
Ratzinger [89], noted that in Augustine’s parity of substance and relation, “the undivided
sway of thinking in terms of substance is ended; relation is discovered as an equally valid
primordial mode of reality.” Can it be that Pope Benedict XVI is in agreement with secular
Catholic Donna Haraway [84, 90], who claims that “the smallest unit of analysis is the relationship”? In the Quran (Sura 49:13), the creation of diﬀerences allow the interactions such
that God understands God’s self. God could have created us all the same (and perhaps even
all perfect), but instead chose to create us with diﬀerence and variety so that we may be
in relationship. The writings of one of the leading rabbis of the Nineteenth Century, Rabbi
Samson Rafael Hirsch5 , claimed that, “One glorious chain [...] of giving and receiving, unites
all creatures. None has power or means for itself; it receives in order to give; gives in order
to receive, and ﬁnds therein the accomplishment of the purpose of its existence.” The Jewish
toast L’chaim (“to life”) is actually in plural form: “To Lives.” This makes biological sense.
Our biology has caught up with the Reverend Martin Luther King, Junior’s theological and
ecological vision [91], “We are caught in an inescapable network of mutuality, tied in a single
garment of destiny. Whatever aﬀects one directly, aﬀects all indirectly.” This widespread
theological worldview and the new biological worldview are converging. “The good” writes
Heschel [92]
[...] does not begin in the consciousness of man. It is being realized in the natural
cooperation of all beings, in what they are for each other. Neither stars nor stones, neither
atoms nor waves, but their belongings to each other, their interactions, the relation of all
things to one another constitutes the universe. No cell could exist alone, all bodies are
interdependent, aﬀect and serve one another.

Did someone say that religion and evolutionary biology and contemporary theology could not
ﬁnd common ground and common cause? Here is a new paradigm where Western religions,
Eastern religions, philosophy, and science can ﬁnd common ground and become allies.6 Interdependency is the way of all ﬂesh. Reciprocal induction and mutual symbioses are excellent
5

See Hirsch, S.R., “Letter Three”, Nineteen Letters About Judaism, page 29 – available online at http:
//www.archive.org/stream/nineteenletterso00hirs/nineteenletterso00hirs_djvu.txt
6
Some biology books explicitly use concepts of wonder. Biologist Rachel Carson, whose “Silent Spring”
initiated the modern environmentalism movement ﬁfty years ago, also wrote “The Sense of Wonder” [93].
This sense, she said, was critical for scientists in an age where scientiﬁcally based technology is becoming so
important. “It is a wholesome and necessary thing for us to turn again to the earth and in the contemplation
of her beauties to know of wonder and humility.” The humility associated with a scientiﬁcally informed
sense of wonder is also emphasized in Ursula Goodenough’s “The Sacred Depths of Nature,” which seeks
to unite science and religion in the preservation of life and wonder [94]. Goodenough also uses sexual
reproduction and ecology to demonstrate the “need for other.” This common ground, of course, will not be
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models—literally,
win-win situations. We can see this historically. “Symbiosis” is a Greek
word. The Latin translation of symbiosis, “convivencia” has a very technical meaning. It
refers to the coexistence and mutual interactions between the Muslim, Jewish, and Christian communities during Umayyad rule in medieval Spain. All three prospered together.
Moreover, it was through these interactions that the Greek classics were returned to Europe
through the translations of Greek-to-Arabic, Arabic-to-Hebrew, and Hebrew-to-Latin.
Indeed, today, science and religion will have to become partners in some sort of symbiosis,
too, if they are going to preserve wonder and thereby preserve themselves, humanity and a
diverse living earth. Such interactions are occurring, but very subtly. While most of the
attention gets focused on the evolution/creation debates, the real action is occurring in conservation biology. I will make a hypothesis that the major arguments for species preservation
come not from science, but from religion, or morality, in general. When one observes the
websites for conservation organizations and looks to see why species should be preserved, the
scientiﬁc answers are phrased primarily in economic terms of what may possibly be beneﬁcial
for humans. Species, we are told, should be preserved because (a) they might be making an
anticancer drug such as taxol, (b) they may serve as unique food resources, (c) they can
serve as biological checks on other species; (d) they are necessary for scientiﬁc inquiry; (d)
they may be critical for soil aeration and other ecological services; and (e) their genes might
be important for making products in the future. This really doesn’t get to the heart of the
matter. Why preserve the mountain gorilla, the monarch butterﬂy, the leatherback turtle,
the horseshoe crab, the Bengal tiger, or the California condor? What can we get from the
Muhlenberg bog turtle that we can’t ﬁnd in red-eared sliders or painted turtles? The answer
won’t be found in the above list. I hypothesize that the answer actually is a religious, moral,
or aesthetic perception that humans should not totally wipe out another species to extinction. The wonder of fullness is the core aﬃrmation at stake.
I’m glad to say that in many of these conservation websites, especially the general ones,
one also ﬁnds non-scientiﬁc reasons to preserve biodiversity – curiosity, beauty, and wonder.
Some sites are explicit about this. After mentioning wonder and curiosity, one organization7
asks, “Does every species have a right to exist? If so, then our call to preserve creation
is clear. But even if not, humility in the face of our capacity to despoil the land is called
for... Many of Judeo-Christian heritage believe their faith enjoins them to be responsible
stewards of creation, and similar themes run deep in other religious traditions as well.” Two
things can be seen here. First, this very idea highlights the inversion of nature and humanity
during the past ﬁfty years. We are being called upon to preserve Nature. Nature needs us.
acceptable to Fundamentalists who believe that the Bible can exist without interpretation. Nor will it be
acceptable to those who interpret the Bible as predicting a Rapture that will lead to the end of the physical
world and the ushering of a new age. Some of these people actually look forward to an environmental
apocalypse (see Moyers, W. 2005 at http://www.beliefnet.com/News/2005/03/Welcome-To-Doomsday.
aspx?p=1), awaiting the coming Kingdom. I believe that in the 21st Century, acting upon such views should
be considered a criminal oﬀense.
7
For example, Natureserve, http://www.natureserve.org
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Nature
never needed us before. Nature was a source of wonder and terror. It is now weak
and needs our help. This is what Bill McKibben [95] has called “the end of nature.” Not
the end of organisms, but the end of this idea of a powerful, sublime, wonder-inspiring, and
independent other. Second, this site identiﬁes species conservation as a religious, not merely
a scientiﬁc, idea. So, while I’m constantly angry at religions for their insipid attacks against
evolution, I’m not all that dispirited when I hear that America is a spiritual country. The
question is how to engage that spiritual impulse. I think that the disagreements over the
origins of biodiversity pale in signiﬁcance when compared to the beneﬁts of alliance for the
preservation of biodiversity.
Indeed, under the symbiosis model that I am proposing, one of the roles played by religion
and ethics will be in deciding what is wonder and what is atrocity. Science may tell us
that mountaintop mining destroys the habitats for ﬁsh and invertebrates, damages human
health, and pollutes streams. But it is not science that makes the judgment that this is bad,
wrong, or that it is not worth the economic advantages gained by mining the coal. This is
the judgment that religion must make, in fear and trembling, in awe of the fullness of life on
a mortal and vulnerable earth.

5. The necessary alliance of science and religion
“When we consider what religion is for mankind, and what science is, it is no exaggeration
to say that the future course of history depends upon the decision of this generation as to
the relations between them” [96]. But what is the appropriate “relation?” I think the proper
relationship is neither fusion nor conquest, but “alliance,” including honoring and practicing
the art of partial alliance that is modeled richly in both scientiﬁc and religious worlds. Like
symbiosis/convivencia, alliances allow partners to keep their identities while interacting. Alliances need not even be permanent. Science is not going to be subsumed by religion; nor is
religion going to be subjugated by science. World War II’s “Grand Alliance” of Britain, the
Soviet Union, and The United States was also called “The Strange Alliance,” as it brought
together the worlds foremost capitalist power, its most Communist power, and its greatest
colonial power in common cause against Hitler’s Germany [97]. But alliances of science and
religion are critically needed if corporate interest is not to reign supreme among the forces
that decide the future. Chief among the reasons for science and religion to forge alliances8 is
8

Another reason to forge such alliances is that neither unalloyed curiosity nor unalloyed awe is necessarily
“innocent.” Einstein famously wrote [98], “The situation may be expressed by an image: science without
religion is lame, religion without science is blind.” I think it is far worse than that. Awe without respect
for scientiﬁcally determined knowledge leads to pestilence and disease, for nature can be cruel. Prayer has
not prevented AIDS nor stopped the drought in Texas [99, 100] – see also, “Texas Governor asks residents
to pray for rain amid extreme drought”, 2011, available at http://www.foxnews.com/politics/2011/04/
23/texas-governor-asks-residents-pray-amid-extreme-drought/. Curiosity without morality leads
to oppression. Classic literature (e.g., The Bacchae, Oedipus Rex) contains warnings against unrestricted
curiosity; and Shelley’s Frankenstein [101] explicitly warns of the destruction of awe by malignant curiosity.
Science and religion also both claim to want to better the human condition. Neither can accomplish this
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. . biologists call “the preservation of biodiversity” and what theologically oriented people
what
call “the stewardship of Creation.”
Our stewardship of this planet has not been adequate. Within the next century, we can
expect the extinction of half the animal species on this planet [102, 103, 104]. The human
population exploded 2.5 times from 1950 to 2008, reaching a total of more than seven billion
persons, with many living in desperately unsustainable extremes of excess and of deprivation.
Feeding and housing this expansive population is causing a cataclysmic extinction, perhaps
similar in scope to the event that destroyed the dinosaurs [105, 106]. During two decades,
40% of the turtle species became in danger of extinction, largely from habitat destruction.
Our over-ﬁshing of the oceans to feed ourselves is wiping out many large ﬁsh species. Swarms
of enormous jellyﬁsh have taken over the oceans from the large ﬁsh that used to eat them,
and Atlantic Blueﬁn tuna will most likely be functionally extinct (rarely seen except in zoos)
in less than four more years [104, 105, 106, 107]. Levels of carbon dioxide correlate excellently
with the temperature of the planet over the past 800,000 years, and in the past 50 years,
the rate of carbon dioxide increase has raised levels of that gas higher than ever in human
history [108, 109], with each decade hotter than the next.9 The warming of the arctic has
become so extreme that sea ice is vanishing at a rate of a million square kilometers per year,
and methane is being released from the Arctic permafrost. Methane is a worse greenhouse gas
than carbon dioxide and is expected to heat up the world at an even faster pace [104, 110, 111].
We are witnessing nothing less than the initiation of Tohu V’boku, the Undoing of Creation.
The conversion of oceanic regions from ﬁsh-dominated to jellyﬁsh-dominated is returning us
to an ecosystem that hasn’t been seen on this planet for 500 million years [104, 108]. The
large regions of the oceans, now called “dead zones” due to the lack of oxygen and dominated
by anaerobic microbes, returns us to the Archaean Era 2.5 billion years ago10 .
Scientiﬁc evidence shows that humans are in large part responsible for this [105, 109]. Not
only are we over-ﬁshing the ocean; these oceanic dead zones are concentrated around places
where fertilizers are released into the sea. The increase in temperature is coming primarily
from human technology, as the amount of resources consumed increased 800% during the
twentieth century [104]. Over-ﬁshing and fertilizer use is done by humans in the name of
economic proﬁt and the increasingly unequally distributed welfare of the explosively increasing human population. We pollute the atmosphere with CO2 due to the ease at which new
fossil fuels can be drilled, the subsidies given the oil and gas companies to drill, and the
political need to keep fuel prices cheap. The fossil fuels also enable the chemical furnaces
alone.
9
Very brieﬂy, such a “greenhouse gas” allows nearly all wavelengths of sunlight through to the earth.
When the earth absorbs light, it then reﬂects it back. The greenhouse gases such as CO2 and methane will
not allow infrared light to be reﬂected back, trapping this heating radiation here.
10
See,
for
example
http://disc.sci.gsfc.nasa.gov/education-and-outreach/additional/
science-focus/ocean-color/science_focus.shtml/dead_zones.shtml
and
http://abcnews.go.
com/US/north-carolina-bans-latest-science-rising-sea-level/story?id=16913782&page=2.

21

Volume 4

Wonder, Science and Religion

Winter 2013

to. .keep producing the nitrogen-rich fertilizers. The wetlands and forests that provide and
protect a huge share of our biodiversity are being destroyed for new homes.11 Creation is
being unraveled before our eyes; it is not being done by God, but by human will. As William
Souder [112] has documented, environmentalism in America has been a battle of nature and
science pitted against industry and its representatives in government.
But it really doesn’t matter if the environmental crisis was made by humans. The critical
thing is that the crisis can be tamed and brought under control by human intervention. But
to do so, there has to be enormous public support for measures that will alter the ways we
behave and spend. Scientiﬁc data cannot mobilize such support. Religion will have to do it.
Only an alliance of science and religion will suﬃce.
But religious organizations are hedging their bets, issuing pronouncements, but not producing change. In 2011, Pope Benedict asked world leaders to reach a credible agreement on
climate change, since “it is by now evident that there is no good future for humanity or for
the earth unless we educate everyone toward a style of life that is more responsible toward
the created world.”12 . This was not a statement made to mobilize grass-roots support, and
the representatives at the Durbin Conference made sure that their countries’ industry and
economies were not threatened. Besides, other inﬂuential Catholic leaders have been against
the environmental movement. At New York City’s huge 1990 Earth Day celebration, Cardinal Joseph O’Connor delivered his warning to those who worry about saving whales and
snail darters: “The earth was made for man, not man for the earth.” Pope John Paul II
reaﬃrmed this in 1995 [113].
The Evangelical churches are similarly split. The Evangelical Environmental Network organized a Day of Prayer for the Environment, again, not a very strong move compared to its
statements on politics or abortion or homosexuality. Moreover, other Evangelicals see “environmentalism as a new religion that perverts the Gospels.” As one recent newsletter for the
Cornwall Alliance13 says of those championing stewardship against global warming, “Their
ideas are the ideas of ideologues, not of scientists or climatologists. [...] We have to accept
that they have succeeded in establishing the religion of environmentalism as the oﬃcial religion of Western society, as the religion which asks for a radical transformation of the whole
Western civilization.” This newsletter is endorsed by The Heartland Institute, a foundation
that sponsors an annual “International Conference on Climate Change” to debunk notions
11

One particularly egregious example of economic interests having power over nature and science comes from
the state of North Carolina. Here, the legislature banned any government agency to use the newest scientiﬁc
predictions of global warming. The current predictions of sea level rise would jeopardize the permits of many
planned housing developments. The law was sponsored by an organization representing housing developers
who wished to build housing developments on coastal land. The governor’s two major ﬁnancial contributors
have been the North Carolina Association of Realtors and the North Carolina Home Builders’ Association.
The governor refused to veto the bill.
12
Pope Benedict XVI. Quoted in http://www.catholicnews.com/data/stories/cns/1104646.htm
13
The
Conrwall
Alliance,
http://www.cornwallalliance.org/blog/item/
environmentalism-the-established-religion-of-western-society
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. . climate change is occurring.14
that
At least in America, certain Christian religious action groups are denying human responsibility for these conditions and claiming that God would never allow humans to destroy themselves. American Congressman John Shimkus15 voted against bills to limit carbon emissions
because God would not let there be such a catastrophe. Industry does not want taxes against
its carbon emissions or limits to its fossil fuel use. Moreover, according to one religious high
school textbook [114], “There is no shortage of resources in God’s earth. The resources are
waiting to be tapped.” In short, religion has not come out strongly for the environment as
when it has mobilized masses for anti-abortion and anti-gay rights. Tea Party activist Rush
Limbaugh16 tells his millions of listeners that climate change is a hoax to defraud Americans
of their liberty and freedom.
I cannot read such pronouncements about resources and climate change from these sources
without thinking of Isaiah and Jeremiah (Isaiah 30:10; Jeremiah 28). Isaiah warns the Israelites of impending disaster unless they change their ways, but the Israelites don’t want
to hear it: “Give us no more visions of what is right! Tell us pleasant things, prophesy
illusions.” And that is what the climate change-deniers are doing. Jeremiah says that for
the Israelite’s disobedience, the easily broken wooden yoke will be exchanged for a yoke of
iron. Change is going to happen, but the longer we wait to change our ways, the worse the
consequences and the greater the cost [105]. If we were to restore energy balance to the earth
(and thereby stabilize climate) by the end of the century, we would have to restore much
forest land and reduce carbon emissions by 6% If we had started to do so in 2005, carbon
emissions would only have to be reduced by 3%. If we delay curbing emissions until 2020,
the required reductions will be 15% per year.
And like Ezekiel and Jeremiah, James Hansen and colleagues [105] see this as a moral issue
because the consequences of the stupidity of the elders will be visited upon the land and their
children.
This situation raises profound moral issues in that young people, future generations, and
nature, with no possibility of protecting their future well-being, will bear the principal
consequences of actions and inactions of today’s adults [...] It is a matter of morality –
a matter of intergenerational justice [...] The injustice of one generation to all those to
come must stir the public’s conscience to the point of action.

Science is warning that “we are at risk of being our own assassins.” [104]. There is no safeguard for us if we cannot use our brains well. Science cannot ﬁght toxic industry alone, it
needs the moral, grass-roots, soul-mobilizing ability that can only be found in the religious
14

The Heartland Institute, http://heatland.org/events/seventh-insternational-conference-climate-change
http://voices.washingtonpost.com/postpartisan/2010/11/in_the_gops_house_god_wont_all.
html
16
http://www.rushlimbaugh.com/daily/2009/11/24/climategate_hoax_the_universe_of_lies_
versus_the_universe_of_reality
15
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impulse.
Science and religion are the estranged children of wonder. But like Jacob and
Esau, they need not love each other to form alliances. Science and religion need to form
alliances to preserve the wonder of this world; they need to form alliances to preserve the
creatures of this world; and they need to form alliances to keep alive the curiosity and the
awe that allows their own renewal. And they need to do this now.
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Abstract
Modern human beings diﬀer qualitatively from all other animals in their symbolic mode of cognition
that permits abstract thought. Yet there can be no question that our species is descended from an
ancestor that lacked this cognitive faculty. This contribution examines the context within which
the almost unimaginable change in cognitive state from non-symbolic to symbolic occurred, and
concludes that it did not result from the long-term inﬂuence of natural selection on the human
lineage. Instead, this transition consisted of a single short-term and emergent event that took place
remarkably recently: indeed, within the tenure on Earth of Homo sapiens. Plausibly the enabling
biology was exaptively acquired at the origin of our osteologically highly derived species some 200
thousand years ago; but its new potential evidently did not begin to be expressed until around 100
thousand years later, when it was released by a necessarily cultural stimulus. This stimulus was most
likely the invention of language, the most quinteseentially symbolic of all our behaviours. However
remarkable its product might be, an exaptive event of this kind would have been entirely routine in
terms of evolutionary process.

.

1. Introduction
Human beings are fully integrated into the great Tree of Life that embraces all living things
on our planet today. The form of this Tree results from the very evident organization of
living forms into an inclusive hierarchy of nested sets that is most eﬃciently represented by
a branching diagram. Thus human beings belong to one family, Hominidae (or subfamily
Homininae; it makes no diﬀerence for present purposes) of several that make up the Order
Primates. Primates is, in turn, one of many orders that belong to the Class Mammalia,
merely one of 16 classes in the Phylum Chordata, and so on. The only explanation currently
available to us that actually predicts the form of this tree, as determined by the physical
and genomic resemblances from which we recognize it, was neatly summarized by Charles
Darwin [1] as “descent with modiﬁcation.” As a result, while we are vastly diﬀerent in form
and feature from our remotest relatives on the Tree of Life, we nonetheless share some very
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fundamental
features with them, most notably in the common structure of our genomes. And
of course, we share the vast majority of our physical characteristics with our closest relatives
in this great family tree: we are, indeed, genomically much more than 99% identical to our
nearest cousins among the African great apes [2].
Still, there is nevertheless also undeniably something fundamentally diﬀerent about us, different from every other living creature including the apes. At ﬁrst glance it is our physical
distinctions that are most apparent, most of them related to our extremely odd way of getting
around: they can be traced to the upright bipedality that appears to have been the stem
hominid adaptation which underpinned everything else that was to come in hominid history.
But the thing that makes us truly distinctive, and certainly the one that makes us feel so
diﬀerent from other living beings, is the unique way in which we process information in our
brains. What we human beings uniquely do is to disassemble our surroundings in our minds
into a huge vocabulary of mental symbols [3]. We can then recombine these symbols in new
ways, to produce alternative notions of the world around us. And the end result is that we
human beings live signiﬁcantly in the world as we reconstruct it in our heads, rather than as
Nature objectively presents it to us.
This unique capacity shows in every aspect of our lives. Other species react, more or less
directly, and with greater or lesser sophistication, to the stimuli that impinge on them from
the outside environment. But our symbolic capacity allows us human beings to envision
alternatives, and to ask ourselves questions such as “what if?” As a result, we are not just
doing what other creatures do, only better. We are dealing with information in an entirely
distinctive way [4]. A change of cognitive state has been accomplished at some point in our
evolution.
Perhaps there is no better way to gauge this uniqueness than by looking at the cognitive
style of our closest living relatives, the great apes. And while numerous observations suggest
that they are very complex indeed [5], the cognitive gulf between them and us still looms.
The cognitive scientist Danny Povinelli has summarized the situation this way [6]:
Chimpanzees rely strictly upon observable features of others to forge their social concepts...
[they do] not understand that other beings are repositories of private, internal experience.

This observation directly reﬂects the fundamental fact that, for all of their considerable intuitive intelligence, the apes are not symbolic creatures in the human sense. Yet there can
be little rational doubt that we humans are descended from nonsymbolic ancestors that were
broadly apelike in their cognitive attributes.
As Povinelli himself put it [6], in all likelihood those hominid ancestors were:
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. . . .intelligent, thinking creatures... but [they did] not reason about unobservable things: they
[had] no ideas about the “mind,” no notion of “causation.”

This characterization seems to be entirely reasonable, and it gives us a sort of anchor-point
as we begin to explore the many developments that occurred along the way to Homo sapiens.
But at the same time it challenges us to understand how the amazing transition to symbolic
reasoning, this change of cognitive state, came about. Was it something that occurred slowly
over vast stretches of time, under the guiding hand of natural selection operating on a long
succession of ancestors? If this was indeed the case, we might justiﬁably view ourselves as
being in some sense ﬁne-tuned by evolution to be the kind of creatures we are. But might
it alternatively have been a short-term event that happened at some deﬁnable point in our
ancestry? If so, maybe there was some element of random chance involved in the process.

2. Hominid Evolution
The best way to approach these questions is to start with the actual form of the hominid
family tree. One version is shown in Fig. 1, and it is clearly very bushy, with numerous
branchings and coexistences. There is no slender central trunk; and obviously what we are
looking at here is a vigorous history of diversity and evolutionary experimentation, rather
than a linear grind from primitiveness to perfection. What is more, and perhaps most signiﬁcantly, the ﬁgure also shows just how unusual it is for our species, Homo sapiens, to be
the sole hominid in the world. Typically, several hominid lineages have coexisted at any one
point in time, often on the very same landscape. But not today. This stark fact is actually
telling us something very signiﬁcant about our species, compared to every one of its predecessors. And in sorting out the history this conﬁguration represents we have the advantage
that, unlike apes, at some point in their history early hominids began leaving material traces
of their behaviors. These traces come in the form of the African stone tools and living sites
that make up the early phases of the archaeological record; and they allow us to pick up the
general pattern of increase in hominid behavioral complexity over time.
This pattern is very revealing. Because, from the time of the ﬁrst manufacture of simple
stone tools, consisting of simple sharp ﬂakes produced by bashing one rock using another,
innovation was exceedingly episodic. Such sharp ﬂakes were ﬁrst made about two and a half
million years ago, although naturally-occurring sharp ﬂakes may have been used considerably earlier [7]; and they were made by small-bodied hominids of extremely archaic kind:
primates that were bipedal on the ground, but that had short legs, ape-sized brains, and
ape-like projecting faces. And they probably still depended on the trees for shelter as well
as for sustenance. Nonetheless, by the very act of spontaneously manufacturing stone tools
from suitable rock sometimes brought in from far away, they show us that they had already
moved outside the ape cognitive range [8].
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Figure 1: Highly tentative phylogeny of the hominid family, showing the diversity of species currently
known within the group over time, and indicating some possible lines of descent. Drawn by Jennifer
Steﬀey. Copyright Ian Tattersall.

Signiﬁcantly, though, even when a much more modern-looking kind of hominid ﬁnally appeared, a little under two million years ago, stone tools of the old kind continued to be
made. Which marks a striking pattern we observe among hominids: namely, that new kinds
of tool do not tend to be associated with new kinds of hominid [4]. Still, the body form of
the new hominid, usually known as Homo ergaster, tells us that, for the ﬁrst time, hominids
had completely emancipated themselves from the trees. This was a primate committed to
the open savanna, with all of its attendant hazards for biologically defenseless and relatively
slow-moving hominids like these: it was an environment that teemed with voracious predators, even as the hominids themselves were beginning to assume a predatory way of life. And
it was at this point that hominid brains started to signiﬁcantly expand, doubtless spurred by
the new environmental stimuli. This expansion must have been underwritten by a higherquality diet, most plausibly supplied by the carcasses of scavenged and hunted animals. It
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. . . .even been argued that the control of ﬁre would have been necessary both to make the
has
nutrition in this new diet available and to provide protection [9], although there is no good
evidence for ﬁre use by hominids until signiﬁcantly later in time [10]. Yet, for all the cognitive and social change implied by the new lifestyle, we do not ﬁnd a signiﬁcant innovation in
stone tool technology in regular use until about 1.5 million years ago [11]. This innovation
was the so-called “handaxe,” a stone tool symmetrically shaped on both sides to a standardized form that must have been held in the mind of the toolmaker before stone-working started.
This new implement was a dramatic departure from the simple sharp edge which was all
that the ﬁrst stone tool makers required, and clearly we are looking here at evidence of a
cognitive leap of some kind. But we do not know what the other sequelae of this leap may
have been; and although it was signiﬁcant, we cannot read any suggestion of symbolism into
the evidence we have. Sophisticated intuition was required in the manufacture of handaxes,
but probably no more than that. The same is even true of the next major innovation in
stone tool making, the “prepared-core” tool, whereby a stone core was shaped with multiple
strikes until a ﬁnal blow would detach what was eﬀectively a ﬁnished implement. This innovation occurred some three hundred thousand years ago, again within the tenure of a more
advanced-looking member of the genus Homo. This new hominid was Homo heidelbergensis,
which showed up around 600 thousand years ago [12] and had a brain within the size range of
modern humans – though much below the modern average. Yet although the earliest known
artiﬁcial shelters were built [13] and the ﬁrst compound implements were made [14] during the
tenure of Homo heidelbergensis, the archaeological record this species bequeathed us contains
nothing to suggest that these hominids had manipulated information in the unique modern
symbolic manner. Complex as their behaviors were, there is no reason to believe that they
anticipated our unusual modern way of processing information; rather, they appear to have
been incremental improvements on earlier intuitive modes of cognition.
Even Homo neanderthalensis, the best-known of all extinct human relatives, can be described
in the same terms. Neanderthals were the culmination of an endemic European lineage that
separated from our African antecedents well over half a million years ago. And they had
brains as big as ours, albeit enclosed in skulls of distinctively diﬀerent shape. Again, though,
despite a large archaeological legacy and recurrent claims to the contrary, there is no unequivocal evidence that the Neanderthals were mentally processing information in a symbolic
manner. These hominids were hardy and resourceful, there is no doubt about that. They
were wonderful craftsmen, making beautiful stone tools, if rather monotonously. But they
evidently did not remake the world in their minds as we do [3]. And perhaps even more amazingly, this appears to have been equally true of the very earliest anatomically-recognizable
Homo sapiens, which showed up in Africa at around 200 thousand years ago [15].
Signiﬁcantly, those very early anatomically modern human fossils are found in archaic archaeological contexts that were broadly comparable to those of Neanderthals [11]. And we have
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. . for around a hundred thousand years to start picking up any evidence of symbolic
to. .wait
thinking – again, in Africa. Probably the best such evidence is the smoothed and geometrically engraved ochre plaque from Blombos cave in South Africa [16], almost 80 thousand
years old, but there are many other symbolic straws in the African wind at about this time,
summarized in [3]. By some 40 thousand years ago, we ﬁnd the symbolic behavioral revolution fully expressed, with the amazing cave art of the Franco-Cantabrian region, and evidence
of carving, engraving, music, notation and other symbolic pursuits from numerous sites all
across Europe [3, 11].

3. Modern human cognition
Before the ﬁrst stirrings of the symbolic spirit in Africa, around 100 thousand years ago, both
technological and anatomical innovation in human evolution had been highly sporadic. But
the emergence of behaviorally modern Homo sapiens witnessed a restless, and totally unprecedented, appetite for change. And to understand the qualities of this new phenomenon,
it is important to remember that cognitively modern Homo sapiens is not simply an extrapolation of earlier trends. The archaeological record makes it clear that we are not doing what
our predecessors did, but a little better. By mentally re-creating the world we truly are doing
something entirely new and diﬀerent in our heads. And, since this radical innovation represents a total break with the past, the state change to which I have referred, we cannot explain
it away by classic natural selection, which is not a creative process. So how did it come about?
We already know from the big-brained but evidently non-symbolic Neanderthals that our
unique style of processing information is not simply a passive product of increasing brain
mass. The diﬀerence is clearly due to something structural in the brain. And until we know
just how numerous simultaneous electrochemical discharges in our brains become resolved
into what we subjectively experience as our consciousness, we will never completely understand what that something is. But the general outlines of the historical framework within
which the transition from non-symbolic to symbolic consciousness occurred are already becoming clear [3, 4].
The human brain has a long and accretionary history. It is an untidy but eﬀective structure
that has evolved, over hundreds of millions of years of vertebrate evolution, by the addition
of new components and by changes in old ones. And its ability to produce symbolic cognition
occurred very late in its history. Indeed, this new way of using the brain seems to have originated signiﬁcantly after the origin of Homo sapiens as an anatomically distinctive entity,
and hence after the acquisition of the anatomically modern brain. This is not actually very
surprising because, as we have seen, behavioral and presumed cognitive innovations have
always been expressed within the tenure of existing hominid species. And it seems reasonable to conclude from this that the critical neural innovation was acquired as a byproduct
of the major developmental reorganization that gave rise to Homo sapiens as a physically
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entity. In other words, this crucial acquisition was initially an exaptation rather
than an adaptation.
What is more, while it provided the biological substrate for symbolic cognition, the new
potential evidently lay fallow until it became expressed through the action of what had to
have been a cultural stimulus. The best candidate for such a stimulus is the invention of
language: the ultimate symbolic activity. Like our unique style of thought, language involves
forming and manipulating symbols in the mind, and our capacity for symbolic reasoning is
almost inconceivable in its absence. Imagination and creativity are part of the same process,
for only once we have created mental symbols can we combine them in new ways and ask
those key “what if?” questions that allow us to pose abstract questions and envision abstract
entities. What is more, if language came after Homo sapiens anatomy had been acquired,
then the ﬁrst linguistic people obviously already possessed the vocal apparatus needed to
express language – having initially attained it in an entirely exaptive context. In evolutionary terms such an event would have been entirely routine, comparable to the possession of
feathers by birds many millions of years before these novel structures were used for ﬂying.
Finally, unlike other putative drivers of symbolic thought processes, language is an externalized attribute, highly likely to spread rapidly within a population already biologically
enabled for it. This remains true even if the most important function of language is as an
interior conduit to symbolic thought. In any event, it seems above all to have been symbolic thought, the ability to intellectually form alternative worlds, that made Homo sapiens
an insuperable competitor at some time in the period following 100 thousand years ago,
leading to the rapid disappearance of all the more cognitively archaic hominid competition.
The production of symbolic material objects also coincided with a radical alteration in the
pattern of technological change. From vast periods of stasis punctuated by only an occasional major innovation, technology set out on a course of constant change and reﬁnement:
perhaps the most eloquent testimony of all to a radical modiﬁcation of human cognitive style.
Our acquisition of the symbolic capacity has had eﬀects extending far beyond the technological realm. Indeed, it changed the human condition forever, allowing us to transcend the
material limitations of the world in our imaginations and to envisage new versions of the
world, that we can then strive to achieve. What is more, to understand the kind of creatures
we have become as a result of this extraordinary and amazingly recent transformation, we
need to understand that cognitively modern Homo sapiens was not driven into existence by
the gradual workings of natural selection. Our new kind of information processing resulted
from a short-term and entirely emergent event. In practical terms, this means that we human
beings have not been ﬁne-tuned by Nature for anything.
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Abstract
Living systems are “multi-verses.” They show at the same time apparently contradictory features,
such as continuity and discreteness, chance and determinism, selection by the environment and
according to internal rules. Rather unfortunately, life sciences students often tend to think in terms
of antinomies and are therefore liable to build theories on one of the two choices of the dilemmas.
For this reason, conﬂicting theories have sometimes been developed on the ground of the same
experimental data. Since the early years of the twentieth century, and, in other terms also before,
two opposite visions have been ﬁghting in life science, namely: A mechanistic one, prevailing in the
modern era, and the holistic approach, that is, the materialist version of the spiritualist paradigms
of the nineteenth century, based on theories dealing with the so-called complex systems.

.

1. The dynamics of the discussion between opposite conceptions of
life: the problem of the “pair of glasses”
The choice of the preferred paradigm has often been inﬂuenced by the cultural environment
of the times, due to the close interaction between biological data and the self-conceptions
of humans, scientists included. It is not by chance that the mechanistic conception and its
paradigms have been ﬂourishing in an era when, as we shall see later, the goal of human societies was to optimize the world as if it were a machine. Complex systems theories, however,
although anticipated in physics by the work of Poincaré, became new disciplines only after the
pioneering data by Lorenz (1963), a meteorologist who found that climate dynamics is not deterministic but intrinsically partially unpredictable, thus challenging the vision of the planet
as a machine. It should be mentioned here that the new conception born within physics was
introduced only later in the life sciences, S.J.Gould and N. Eldredge being the ﬁrst to openly
apply it to evolutionary processes in the seventies, challenging the mechanicist, neo-darwinist
“modern synthesis,” and particularly its population genetics version. This “delay” has been
probably caused by the diﬀused resistance of human societies to change from the “Prometean
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developed during the period of industrial revolution. It is however worth noticing
that the deep roots in human cultures of this optimistic conception were not universal in the
twentieth century, and “heretic” scientists have always been present and oﬀering diﬀerent
“pairs of glasses,” often derived from their personal cultures and human experiences – and
not necessarily coherent with the prevailing way of looking at living systems.
An interesting example of the inﬂuence of cultural traditions and, within them, of religion
on the scientiﬁc approach is oﬀered by the behaviour of three scientists of diﬀerent cultural
backgrounds who, in 1965, received the Nobel prize for the discovery of the dynamics of the
ﬁrst gene regulatory system in bacteria, namely, the famous lac-operon, studied in the laboratory of André Lwoﬀ by himself, François Jacob and Jacques Monod. Rather amazingly,
although they had been working together on the discovery of the lac-operon and were good
friends as far as we know, the general conceptions they extracted from their experimental
data were strikingly diﬀerent. Jacques Monod, in his famous book Le hazard et la nécessité [1] gave a very clear picture of his conception of life. In his opinion, every organism was
built following an invariant project (he could easily have called it “a program”) without any
interaction with the environment and the context in general:
One of the most relevant features of all living systems is to be objects endowed with a
project. We should also say that living beings diﬀer from the structure of whatever other
system in the Universe because of this feature which we may call teleonomy[...] The structure of a living being is the result of a totally diﬀerent process as it does not owe anything
to the action of external forces, owing everything to morphogenetic interactions internal
to itself[...] The structure [...] can be therefore autonomously and spontaneously realized without external contributions, without new information: its epigenetic construction
therefore is not a creation but a revelation.

Moreover, Jacques Monod built something very similar to an ideology when he stated that
the organisation of living beings was rendered possible by the transmission from one generation to another of invariant information, devoid of possible mistakes, contained in DNA
according to the “central dogma of molecular DNA” proposed by Francis Crick in 1958 [2] –
to be transcribed into RNA and translated into proteins (the tools of lives):
A third relevant feature of these objects [is] to be able to reproduce and transfer –- ne
varietur -– the information needed for their structure[...] wholly conserved from one
generation to another. We shall call this property “invariant reproduction,” or simply
invariance. [...] We can today deduce its general law, [which is] that of chance [...] Chance
is tapped, conserved and reproduced through the mechanism of invariance and transformed
in order, rule, necessity. [...] The whole system is therefore wholly conservative, closed in
itself, and absolutely unable to receive instructions from the outer world. As we can see,
because of its properties and its microscopic behaviour establishing an one-way relationship
between DNA and proteins, it deﬁes any “dialectical” explanation. It is fundamentally
Cartesian and not Hegelian: the cell is really a machine.
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was fully coherent with that emerging from the data obtained by Mendel, a
physicist near to the so-called “medical materialists,” who wrote in 1847 a manifesto stating
the total equivalence of living and non-living systems. Mendel’s conclusions from his experiments with peas were that characters were fully determined by factors (anlagen) independent
from one another, not inﬂuenced by the environment and randomly assorted at every generation. At the very beginning of the twentieth century, Hardy and Weinberg extrapolated
this conception to populations, thus founding the new discipline of “population genetics,”
the background of the “modern synthesis.” The main principles of this new theory of evolution, in its orthodox version proposed by R.A Fisher, were: (a) continuous change in time
of the relative frequencies of discrete alternative events (alleles); (b) random mutations and
recombination events; (c) random drift; (d) natural selection; (e) genotypes as additions of
independent genes and alleles as units of evolution; and (f) full determination of the phenotype by the genotype. Therefore, in spite of the title of the book, “The modern synthesis”,
by Julian Huxley [3], this is not really a synthesis, but rather an explanation of evolution as
the result of the addition of alternative processes (total randomness/total determinism, and
continuity/discreteness) – a conception challenged by several authors including the writer of
this review [4] and the other two discoverers of the lac operon.
It should be recalled that in 1970, when Jacques Monod wrote his book on “Chance and
necessity,” the structure of DNA and the “Central Dogma of molecular Biology” had been
published in 1953 [1] opening the way to the informational metaphor. At this point, the
mechanistic vision of life seemed to have been winning, the introduction of the word “dogma”
excluding any further change in the key concepts of life, thus fully conﬁrming the Cartesian
view of equivalence of living systems to machines. That was not the opinion however of the
other two winners of the 1965 Nobel prize. André Lwoﬀ, in 1963, for instance wrote [5]:
An organism is an integrated system of interdependent structures and functions. An
organism is constituted of cells, and a cell consists of molecules which must work in harmony. Each molecule must know what the others are doing. Each one must be capable
of receiving messages and must be suﬃciently disciplined to obey them. You are familiar
with the laws which control regulation. You know how our ideas have developed and how
the most harmonious and sound of them have been fused into a conceptual whole which
is the very foundation of biology and confers its unity [...] It is clear, on the other hand,
that the expression of the genetic material is subject to external inﬂuences. Ten years
ago it still seemed possible that in certain processes such as the induced biosynthesis of
enzymes or of antibodies, the presence of speciﬁc compounds could modify the synthesis
of proteins, mold their conﬁgurations, and hence alter their properties. What the study
of regulatory circuits has shown is that the compounds in question serve only as simple
stimuli: they act as signals to initiate a synthesis whose mechanism and ﬁnal product
remain entirely determined by the nucleotide sequence of the DNA. If the nucleic message
may be compared with the text of a book, the regulatory network determines which pages
are to be read at any given time.

And, still A. Lwoﬀ, in 1960 [6]:
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. . living organism is an integrated system of macromolecular structures and functions
able to reproduce its kind. Waves and particles are the complementary aspects of the atom.
Structures and functions are the complementary aspects of the organism. Separated from
its context – that is, extracted from the cell – any structure, either a nucleic acid or a
protein, is just an organic molecule. Such a thing as living substance or living matter does
not exist. Life can only be the apanage of the organism as a whole. Only organisms are
alive.

François Jacob had a very similar position and wrote a book as famous as that by Monod,
whose title was, certainly not by chance, “The logic of life,” showing a completely diﬀerent
way of thinking from that of his Cartesian friend. Just to give an example of it, we quote
the following passage [7]:
Every living being, says Goethe, has in itself the reason of its existence: all the parts react
one with another [...] therefore, every animal is physiologically perfect. Living organisms
are subject to diﬀerent inﬂuences by non-living objects and other living beings [...] To cope
with those actions an equal and opposite action is needed [...] In comparative anatomy,
a fragment is not anymore an isolated element: it is a sign of the organization of the
whole [...] the relative relevance of an organ is measured through the constraints that it
imposes on the others [...] and everything is allowed as far as variation is concerned:
only combinations satisfying functional needs of life are allowed. Life is the product of an
always unstable equilibrium between living beings; it is a play of interactions of organisms
and environment, the dialectic of the same and the diﬀerent within a unitary history of
nature [...] Transformism is a causal theory of the origin of species, of their variation and
parenthood.

It is not the matter which evolves but rather the organization, the unit of emergence always
capable to unite with other similar unities to become integrated in a system. The position of
François Jacob was very similar to that of Steven Jay Gould, also him jewish – a paleontologist
who was probably the ﬁrst student of life sciences to openly join the discussion on complex
systems, ﬁrst introduced, as already mentioned, by physicists. He wrote [7]:
Complexity theory can help us understand why prediction is so diﬃcult. For one thing,
management is not a science like physics or astronomy, where you have complete predictability. I can tell you to the minute when the next eclipse is going to occur, because
it’s a simple system with limited interactions. I can’t tell you where human evolution is
going. Also, the mathematical analysis of complex systems – systems composed of multiple,
independent parts – shows that a small perturbation can produce profound eﬀects, because
of the way it cascades through the nonlinear interactions of the system. If you then add
a little bit of randomness you get profound and unpredictable eﬀects. The world is too
complex to be in continuous ﬂux in all its parts. If you have continuous ﬂux in every
part of a system, how are you ever going to get integrated, complex systems? [...] With
the Darwinian theory, there’s no notion of general advance. There is adaptation to a
changing environment. Darwinian theory is about constant local improvement, and since
environments are always changing, especially given technological progress, there always
has to be ﬂexibility for adaptation.

The principles of the new way of approaching the study of the life sciences proposed by
Gould opened the way to the construction of a theory of evolution based on most of the
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continuous character of evolutionary change. Such a theory was indeed developed by S.J.
Gould and N. Eldredge and is called the theory of “punctuated equilibria,” suggesting the
alternation during evolution of periods of “stasis” with others of fast accelerations of change
determined by the abrupt modiﬁcation of living networks caused by mutations in key components (“hubs”) of the systems. This concept was partially derived from the experiments by
an earlier “heretic,” again of jewish origins, Richard Goldschmidt, quoted here by Gould [8]:
Goldschmidt raised no objection to the standard accounts of microevolution; he devoted
the ﬁrst half of his major work, “The Material Basis of Evolution” [9], to gradual and
continuous change within species. He broke sharply with the synthetic theory, however,
in arguing that new species arise abruptly by discontinuous variation, or macro-mutation.
He admitted that the vast majority of macro-mutations could only be viewed as disastrous
– these he called “monsters.” But, Goldschmidt continued, every once in a while a macromutation might, by sheer good fortune, adapt an organism to a new mode of life, a “hopeful
monster” in his terminology. Macroevolution proceeds by the rare success of these hopeful
monsters, not by an accumulation of small changes within populations [...]

As a Darwinian, I wish to defend Goldschmidt’s postulate that macroevolution is not simply
microevolution extrapolated, and that major structural transitions can occur rapidly without
a smooth series of intermediate stages. I shall proceed by discussing three questions: (1) Can
a reasonable story of continuous change be constructed for all macro-evolutionary events?
My answer shall be no; (2) Are theories of abrupt change inherently anti-Darwinian? I shall
argue that some are and some aren’t; and ﬁnally, (3) Do Goldschmidt’s hopeful monsters
represent the archetype of apostasy from Darwinism, as his critics have long maintained?
Though he cited examples drawn from work on mutable genes in Drosophila and other organisms, prominent among Goldschmidt’s remarks are several glowing mentions of McClintock’s
description of the Ac/Ds system in maize. For Goldschmidt, transposable elements provided
a shining example of position eﬀects and a dynamic genome. He referred to transposable
elements as “invisible” (i.e., submicroscopic) rearrangements and position eﬀects. To his full
satisfaction, McClintock had proved that in zea, “mutable loci are actually position eﬀects
produced by genetically controlled and repeating transpositions and translocations” [10] and
wrote: “The author agrees with Goldschmidt that it is not possible to arrive at any clear
understanding of the nature of a gene, or the nature of a change in a gene, from mutational
evidence alone” [11].
McClintock also invoked Goldschmidt in her conclusion: “Evidence, derived from Drosophila
experimentation, of the inﬂuences of various known modiﬁers on expression of phenotypic
characters has led Goldschmidt [9, 10] to conclusions that are essentially similar to those
given here” [11]. Nowadays the basic concepts of punctuated equilibria in the evolution of
complex living systems have been conﬁrmed by a large amount of data on the acceleration
of genome changes [12]. We know now that internal stresses induced by abrupt changes in
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as external ones, may cause “butterﬂy” eﬀects liable to be transmitted from molecules to the
biosphere and back. This dynamic process of change may lead either to the destruction of the
systems or to genome shuﬄing processes and an acceleration of the evolution of the aﬀected
networks. These concepts are now fully supported by the genetic and molecular studies of
the last decade and are part of a new vision of life, based also on new disciplines such as
epigenetics and mathematical/computational methods for the study of complex biological
system.
We know now that the ﬁrst consequence of the stress induced by the modiﬁcation of the
system is a burst of genetic variability in bacteria and complex genome shuﬄing processes in
eukaryotes. Therefore, several diﬀerent events can accelerate evolution, such as for instance:
(a) mutations in pleiotropic genes; (b) horizontal transfer; (c) interspeciﬁc hybridization;
(d) response to external stress; (d) dragging mutations, meaning by this the acceleration of
change due to positive selection of a single or few genes highly connected with others leading
to a positive re-arrangement of a large part of the genome.
Obviously, the change from a fully mechanistic theory prevalent in life sciences until the last
decade of the twentieth century to a new, complex vision present also in other disciplines
such as the pioneering physics, certainly modiﬁed also our vision of humanity itself and of
human evolution. As I shall discuss later, the change of the “pair of glasses” has been due
in the ﬁrst place to the failure of the modern project of construction of a world totally humanized through an everlasting production of tools and machines and to the breakthrough
of science in the ﬁeld of complex systems. But certainly, students of life sciences have been
inﬂuenced by the changing spirit of the times and in general by their cultures at all levels of the human hierarchical organisation, from families to communities, ethnic groups and
therefore by ideologies and religions. For instance, as mentioned before, an example of the
eﬀects of cultural and religious traditions may be considered in what happened in Paris to the
three winners of the same Nobel Prize obtained through joint experimental studies, but very
diﬀerent in the conceptions of life extracted from the data obtained. I already mentioned
that two out of the three winners in 1963 were jewish and so were most of the scientists,
mathematicians, physicists, and philosophers who built the theories of biological complex
systems. Within them, geneticists like Goldschmidt [13], Lerner, Lewontin, palaeontologists
like Gould, mathematicians like Mandelbrot, general biologists like S. Kauﬀmann, S. Rose,
students of developmental biology such as S. Gilbert, M. Kirschner, neuroscientists like G.
Edelmann, D. Amit, and phylosophers like Ben Jacob, E. Jablonka, E. Fox-Keller, H. Atlan [14], E. Morin, H. Jonas, all worked on a new vision of humanity perfectly coherent with
the new current of thought and also with that of physicists like Prigogine and Stengers, M.
Gell-Mann and many others.
But then, why jews? Can we develop the hypothesis of a speciﬁcity of the jewish religion
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such an hypothesis cannot be fully proven, there are speciﬁc concepts present in the jewish
religion and, more than that, speciﬁc ways of looking at the living and not living matter,
which may be at least worthy of a discussion. First of all, the jewish religion, although it
has 613 mitzvoth (commandments), far from being dogmatic encourages the discussion, not
only allowed but requested as a religious practice. The “pilpul”, a method of disputation
among rabbinical scholars aimed at the discussion and interpretation of the Talmudic rules
and principles, involves the development of careful and often very subtle distinctions, the
background of the living Torah, which according for instance to many scholars like Ephraim
from Sedlikov, should be discussed and changed at every generation, thus discovering more
and more of its inﬁnite hidden meanings.
The jewish tradition, being living power, needs therefore study and decisions, and at the
same time is always growing and developing from inside, as described by Gershon Scholem in
his book on the fundamentals of Judaism [15, 16]. In that same book, Scholem also said that
power and weakness of the tradition are interwoven, everything depending from the point of
view of the observer. Investigating the Torah’s “multiversity” and the practice of continuous
discussions on its inﬁnite “hidden truths,” is in a sense analogous (although not homologous)
to the methods used to study living systems, always “multiversed” and endowed at the same
time with a wide number of only apparently conﬂicting features. In both cases single truths
are not universal but change continuously, widening the knowledge and extracting from it
previously hidden rules and concepts. This is exactly the opposite of the description of a
machine completely determined by a simple and everlasting human project.
It is not by chance then that, although it has always been a matter of discussion, in the jewish
tradition, science has often been considered one of the possible ways of the gloriﬁcation of the
creation and therefore of the Creator. Consequently, although the discussion on the interactions between science and faith is still open, in many cases in the jewish tradition the study
of the sciences and particularly medicine has not only been approved but also suggested to
the scholars, as did Rabbi Moshe ben Maimonides (Rambam; 1135-1204), who wrote several
essays on medicine, many of which are included in the Mishneh Torah, coherently with the
principle of the supreme value of life [17]. Indeed, the distinction between living ad nonliving matter has always been very clear within the jewish tradition starting from Bereshit
(Genesis) according to which the creation of plants has been in the third day, the animals
appearing in the ﬁfth and humans the sixth. The supremacy of humans has always been
so relevant to allow the infringement of 610 out of the 613 commandments contained in the
Mishneh Torah, when human life is in danger.
Also in the Talmud, human lives are considered to be by far the most important ones, although other living beings and particularly the animals were of utter relevance. It is said
that “all the creatures constructed by the Earth derive both their soul and their body from
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with the exception of man whose soul derives from the sky, his body from the
Earth” (Salm 82,6). And, “as the animals, man eats and drinks, procreates and dies, but as
the angels hold himself upright, speaks, is intelligent and sees” (Gen., VIII,11). Although
the animals are at a lower level than man, they should be therefore helped and nourished:
“It is not allowed to buy an animal [...] without nourishing it” (Jeb, 14d). A man should
not eat before nourishing the beast: “I shall give grass in your ﬁeld for your animal and then
you will eat” (Deut. XI,15).

2. The unique adaptation strategy of human hopeful monsters
As thoroughly discussed, the birth of Homo sapiens is not old at all in paleontological terms,
and our ancestors left Africa probably not much more than 100.000 years ago. These data
suggest a sudden acceleration of hominization and are supported by recent ﬁndings showing
an accelerated change of less than a hundred genes whose expression has been found to be
localized in the cortex of human brains. Nowadays our cortex contains 100 billion neurons
liable to be connected in one million billions potential diﬀerent combinations by synapses,
quasi-random at birth, organized according to the reception of human signals but not of
animal ones. The species-speciﬁc social role of human communication is supported by the
fact that humans reared by wolves or other mammals are handicapped, probably deriving
from the biased reception of non-human signals. It is reasonable to think that the ﬁrst genes
to be involved in the acceleration of change were sequences like microcephalin and ASPM
involved in the growth of the cortex. Now the ratio between the size of the encephalus and
the rest of the brain in humans is 7.4-7.8, the second and third species being the bottlenose
dolphin (5.3) and the white-fronted capuchin (4.8).
The enlargement of the encephalus allowed an escalation of neuron numbers in the cortex,
the diﬀerentiation of cortex areas, the spreading of the neuron-mirror system, and the conﬁguration of comprehensive neurocognitive nets. It is worth noting that along with the
aforementioned genes others have also accelerated their change [18]. Among them, the genes
of the Fox P group, necessary for the construction of language and the consequent improvement of communication, and others allowing for fast neural connection plasticity, perception,
high conductivity of cortical ﬁbers, etc. It is worth noticing that, while the subdivision of our
brains in relatively large diﬀerent areas, each devoted to speciﬁc actions, can be considered
as a part of embryo development and is controlled by a small number of genes; The ﬁne
network of synapses is largely directed by human signals received during pregnancy and in
the ﬁrst years after birth. Just to give an example of the relevance of the connection between
mother and child during pregnancy, it is known that already at its beginning, the zygote
sends messages to the hypothalamus of the mother receiving then the information needed for
the organization of the hypothalamus in the embryo. Then, when this organ is formed, it will
induce changes in the hormonal system of the mother leading to milk production. Moreover,
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and during the whole life, the ever-changing organization of our neural networks,
quasi-random at birth, mainly depends from human signals. These processes never end during our lives, although they are less and less eﬀective with age. The reception of human
signals organizing and changing continuously our brains not only during the ﬁrst 2-4 years
but throughout our lives, mainly through epigenetic processes is certainly not determined by
our genes. All this evidence seems to suggest that at least a large part of our “humanity”
is due to the “invention” of a very speciﬁc brain with a very high capacity to receive information from other members of our, but not other, species – to conserve and use it for the
conﬁguration of up to a million billions diﬀerent neuronal combinations.
The exchange of human signals was also shown to be relevant for our species by a study
where physical and social performances of 2.5 year old human children have been compared
to those of chimpanzees of equivalent age. In this experiment, all kinds of performances
were comparable between the two species with the exception of the capacity of receiving
information from members of the same species, much higher in humans than in the primate
counterparts. The exchange of information is probably the main reason for the “invention”
by our species of a speciﬁc and original adaptation strategy, based not on the passive selection
by the environment of the “best-adapted” individuals, but rather on the active production
of projects of change of the environment aimed at rendering it adapted to our needs. This
is why, although we are now more than seven billions, our genetic variability (measured as
the number of gene variants present in our species) is much lower than that of the closest
primates, and diﬀerences between human populations are so low that the term “race” has no
biological meaning in our case.
Chimpanzees on the other hand are endowed with a much higher genetic variability, as their
communities, living in diﬀerent environments, have been exposed to diﬀerential selection, and
the same happened with all living beings both under natural and human selection. Probably
the best and clearer description of the diﬀerences between animals and humans is oﬀered by
the jewish philosopher Hans Jonas, who summarized and described with three metaphors the
main features of humans, absent in all other living beings: images, tools, and graves.
Images are, for instance, those painted on the rocks by our ancestors, not photographic but
“aesthetic,” deriving from non-material projects constructed in the brain of the painter and
projected onto the external matter of rocks, thus producing “humanized” versions of the
objects observed. Moreover, our ancestors were already able to mould the external matter
according to images (the projects) thus constructing “tools” to be used for the adaptation
to our needs of the environment in which humans moved and settled. This allowed the
construction of villages and towns but also the development of agricultures through the selection of plants and animals and the modiﬁcation of ecosystems. The last but certainly not
least capacity has been described by Jonas as “the grave,” meaning by that the capacity
to develop thoughts independent from the information coming from the exterior in terms of
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philosophy and, in general, human culture and language. It is worth noticing
here that all these capacities have been for a long time shared by four species of the genus
Homo, namely ours, the Neanderthalensis, Denisovianus and the Floresensis, all capable
of modelling caves, burying their dead in graves along with tools for a possible future life,
and constructing aesthetic ornaments. Jonas developed this conception of humans in “Organismus und Freiheit” , from 1973 [19], a very important text on the diﬀerences between
non-living and living systems, humans included, and certainly to be considered one of the
best discussions ever of living complex systems, published only one year later to Gould and
Eldredge’s work on punctuated equilibria [8].

3. The two levels of alienation of Homo sapiens
The human-speciﬁc adaptation strategy just described has certainly allowed our species to
become by far the most “generalised” in our planet, but also led to the development of the
“Prometean Utopia” of modelling the whole planet according to human needs without any
possible unintended interactions with the non-human living and non-living matter. Hans
Jonas was fully aware of this problem and of the dangers deriving from the spirit of the Modern Era, and introduced his “imperative of responsibility” [20] – Das Prinzip Verantwortung.
Versuch einer Ethik für die technologische Zivilisation, published in german in 1979 and in
English in 1984 – where he asked the actors of change to try to predict not only the direct
eﬀects of their planned modiﬁcations but their interactions with the dynamical complex network in general, where they were going to be introduced. H. Jonas wrote:
Modern technology and its products spread all over the globe, their cumulative eﬀects
putatively reaching an unlimited number of future generations. What we do here and
now, mostly only thinking about ourselves, aﬀects in a massive way the lives of millions
elsewhere and in the future, millions that did not have any say about our doings [...] We
mortgage the future life for present short-term gains and needs (indeed needs we have
mostly created ourselves). Perhaps we could not entirely avoid behaving like this or in a
similar manner, but in that case we have to use extreme caution so that we operate in all
fairness towards our descendants, namely, so that their capacity to pay back the mortgage
is not compromised from the start[...] The crucial point here is the penetration of distant,
future and global dimensions into our every-day worldly practical decisions in an ethical
novum which technology has foisted upon us. The ethical category that above all is called
into play is responsibility [...] This extended global view point connects the human good
with the cause of life as a whole, instead of confronting it with hostility, and guarantees
non-human life rights on its own.

Unfortunately, this principle, by far stronger and more precise than the “precautionary principle,” has not been followed by Homo sapiens, who on the contrary keeps acting according
to the suggestions of the Modern era without even perceiving the possible dangers deriving
from this behaviour. In other words, although contemporary life sciences changed the basic
models and paradigms of living matter, the main goal to be reached by humans still seems
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application of the mechanistic view to living systems certainly has been the “green revolution,” a world-wide project supported by The Food and Agriculture Organisation (F.A.O),
whose aim was to obtain optimal plants and animals to be cultivated and bred throughout
the whole world irrespective of the diﬀerent environmental, social and economic conditions
of the diﬀerent contexts. Breeders were therefore taught to develop ideal projects of optimal
plants and animals where the best features of every crop and breed were described one by one
as if they were independent (the so-called Donald’s ideo-type) and then to use cross-breeding
and selection accordingly for the production of optimal future varieties and breeds.
The conception behind all this was that the ideal optimal plant or animal thus obtained, controlled by genes considered as non-interacting pieces of a living machine and putatively not
subjected to environmental changes, could be sold and utilised everywhere in the world. Optimization meant therefore homogenization and destruction of extant “non-optimal” genetic
variability and, contrary to Jonas’s principle, no attention was given to possible negative unintended interactions between the genes of the plant and the diﬀerent contexts, namely the
agro-ecosystems, social systems included. The possible problems deriving from poor adaptation of the putative optimal cultivars were then tackled according to the same mechanistic
ideology, through the usage of machines for the modiﬁcation of soils together with chemical
(fertilisers, pesticides, etc.) and energy inputs. These concepts have been applied particularly in developing countries, a number of centres of plant breeding have been installed in
several of them under the direction of the F.A.O. and a very large number of new cultivars were introduced into the market. At the beginning, global food production in Asia and
Latin America, Africa being left behind, increased. The number of undernourished people
slowly decreased from 1980 until 1995, but increased again later on to more than one billion.
Soon production costs started rising because of the need to counteract with hydraulic tools,
chemistry and machines, the loss of natural resources in terms of fertile soil, ecosystems and
genetic variability of the cultivars selected in loco by small farmers and substituted by the
new ones selected in environments diﬀerent from those where they had to be cultivated.
The overall result of the change from subsistence agricultures to industrial ones led to the
loss, according to F.A.O., of 75% of domesticated plant and animal biodiversity, a treasure
critical for human survival to be used to counteract environmental changes; and cultivated
soils were as well reduced by desertiﬁcation and the incredibly fast increase of towns, roads
and other human constructions. All these problems derive from the total oblivion of the
responsibility principle or, in other words, from the absence of evaluation of the eﬀects of
the green revolution on the complex networks of the agro-ecological systems stemming from
the decision to reduce plant and animal variability to obtain single, optimal, homogeneous
cultivars, and in general, of the conversion of traditional agricultures to industrial ones.
It is not by chance then that, one year after the beginning of the new increase of famine after
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entered into the market after a long period of discussion, promote and advertised as putative
“miracle plants,” liable to ﬁght famine again with a new mechanical tool, obtained through
the translation of the optimization paradigm into molecular terms. Genes were again seen as
independent entities liable to be transferred from one species to another without any unintended eﬀect. Rather unfortunately, the new Prometean hope of winning the battle against
famine with “wonderful living machines,” led, since 1996, to the entrance into the market
of only four GM species (soybean, maize, canola, cotton) modiﬁed only for two characters
(resistance to insects or to herbicides) – many others being total failures because of a series
of negative interactions between components of the hierarchy of networks of the agricultural
systems from the plants to the ecosystems (see [12] for a recent review).
This unprecedented failure is the result of the unintended eﬀects of highly unpredictable
plant transformations due to the non-additive interactions of the sequences engineered with
the host plant genome, those of the gene products and the plant metabolism, of the GM plant
and the agro-ecosystem, the social traditions, and ﬁnally the market itself. Moreover, genetic
engineers did not develop techniques allowing for the control of the number of copies of the
DNA fragment inserted in the plant genome, nor for the position of the insertion putatively
changing the activity of the pre-existing sequences, the possible synthesis of “fusion RNA”
transcribed both from the insert and the sequences where insertion has occurred. An unitendended eﬀect deriving from the lack of this knowledge has been shown by [21] in engineered
MON810 maize plants where at least four unintended mRNAs were found, likely leading to
the synthesis of brand new fusion polypeptides of unknown eﬀects.
Moreover, the lack of control of the direct and indirect eﬀects of the transformation led in
many instances to unintended levels of productivity of transgenic cultivars and in general to
features not accepted by the market. Even worst results have been obtained (unfortunately)
also in the ﬁeld of genetic engineering of human cells, where the goal was the development of
gene therapy protocols, aimed at the substitution of a dangerous gene variant with a healthy
one. In this case the reason of the failure was the unintended presence of DNA fragments
introduced in tested animals in the blood circulation system and in all organs, inducing a
high incidence of unwanted eﬀects – see for instance [22].
Unfortunately, the negative eﬀects of a mechanistic ideology on living beings in the case of
genetic engineering is only the top of the iceberg if compared with damages inﬂuencing the
whole planet such as the acceleration of the climate change in the last century and the beginning of the third millennium, although already forecasted by the Club of Rome and a number
of far-sighted scientists and economists. It is rather sad that already seven years from the
Millennium Climate Change assessment describing the dynamics and eﬀects of the humaninduced acceleration of greenhouse gases, no real world-wide agreement on the Kyoto protocol
has been reached in spite of many meetings and discussions. Even sadder is the persistence
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on the climate change itself and the fact that anti-climate actions almost only
concern mitigation (reduction of greenhouse gas) through the production of green machines
while adaptation, that is, conservation of the resources, is almost forgotten, the reason being that in the ﬁrst case industries and money exchange are more relevant than in the second.
Still, the oﬃcial prevalent dogma keeps being that of the inﬁnite growth of the industrial
economy aiming at the total mechanization of the planet according to the concept of the
substantial equivalence of living and non-living systems, or better still, machines, introduced
by J.Monod and not by chance also used in the European GMOs risk-assessment protocols.
All this in spite of the failure of the application to living beings of the mechanistic theory in
plant and animal breeding, genetic engineering of animals, plants and humans, and also of
the deadly transformation of the planet with man-made artifacts due to the unpredictable
and unintended eﬀects of the interactions of human/non-human components of the planet,
as foreseen by physicists and biologists, particularly in the last ten years of the twentieth
Century and in the ﬁrst decade of the third millennium. As Jonas wrote [20]:
We have to admit that the problem of how the immense responsibility should be met,
which the irresistible scientiﬁc technological progress places on the shoulders of both its
practitioners and the public which enjoys or suﬀers from its gifts, is still completely
unsolved, and the ways of solving it are hidden in darkness. Only the beginnings of a
new consciousness, recently awakened from the euphoria of the big victories to the harsh
daylight of the dangers, learning again to know fear and trembling, give us hope that we
shall voluntarily impose on us the barriers of responsibility and not allow our power, which
has grown so large, to ﬁnally overwhelm ourselves or those who will follow us.

Not only Hans Jonas, but also many other philosophers like Edgar Morin [23], Gregory Bateson [24] and many others, warned that the inﬁnite growth of production was a deadly dogma.
Unfortunately, out of the three distinctive features of human beings proposed by Hans Jonas,
Homo sapiens has been forgetting his capacity of transcendence and philosophy, and kept
using imagination and construction of tools without considering the possible negative eﬀects
of their over-dosages. For this reason, far from abandoning the mechanistic equivalence of
living and non-living matter, and accepting the concepts of complexity, the humans of the
third millennium entered into a new phase of alienation, abandoning the human adaptation
strategy based on the construction of useful tools and inventing a new virtual economy, or
better, a metaphor of it, substituting the exchange of matter with the exchange of money
and the dogma of inﬁnite growth of human-made machines with that of inﬁnite growth of
money.
A paradigmatic example of the dynamics of this process is the behavior of the “three sisters”
(Monsanto, Dupont and Syngenta), world-wide controllers of the GMO market and of a large
part of agriculture, who almost stopped investments in research maintaining their leading
position in the markets through incomes deriving from royalties and stock exchange operations. In spite of the lack of new genetically engineered plants, stock exchange quotations
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due to a series of scoops on the putative future production of wonder-GMOs
capable to alleviate famine and lower cancer incidence in human populations, and on the
widening of the market through agreements with formerly anti-GMO nations.
The behavior of the three GM sisters is only an example of the new virtual economy based
on advertising agencies of all products, from cars to food and from stock exchange policies,
instead of competition in the real markets. So, while in 1980 the amounts of nominal GDP
and ﬁnancial assets where respectively ten and twelve trillion dollars, in 2002 the ratio became 33/96 and since then the diﬀerence kept accelerating with an almost exponential speed
leading, in 2007, to an incredible 56/196 and reducing nowadays the circulating money coming from exchange of matter to only 1/12th of the whole.
As everybody now knows, for this reason we are confronted with several contemporary crises,
such as the climate crisis, the ﬁnancial crisis and the crisis of production of real goods, as
well as the destruction of “common goods” (air, water, soil, energy, food, communication
and knowledge), and the market based on the equilibrium of classical economy between oﬀer
and demand is not acting anymore, competition being less and less on the value for life of
goods and more and more on advertising of products.
Even what makes human adaptation strategy valuable, i.e. exchange of information, is being
reduced by the substitution with two-dimensional gadgets of our four dimensional communication tools, including speech with its modulation capacity, the ever-changing movements
of the body and the modiﬁcation of our visages, etc. Substituting friends and enemies with
tablets drastically reduces human connections and exchanges of information, thus modifying
brain networks in an unprecedented way with yet unknown eﬀects on the behaviour of human
communities and their choices.
In Jonas’s terms we are losing the capacity of creating “images,” – painting, music, literature
– all essential areas of communication between humans and happiness, because of their low
virtual money output. We are at the same time forgetting that we should go on producing
new and adaptive tools, badly needed also because of the human-induced climate change and
the destruction of the environment.
Finally, we are also losing the “grave,” that is the capacity of individual and collective introspection, and with this Jonas’s responsibility imperative, completely useless in a world where
only money as such is worth increasing. Inevitably this brings us to lose democracy itself,
the result of living and communicating societies of humans and not only of stock exchange
dealers. It is time to realize what is happening and to go back from the “Anthropocene” [25]
and what I call the “Virtualcene,” to real life, made of ﬂesh, blood, connections with other
humans and with the biosphere and its inhabitants, whose diversity is being lost at a hundred
or thousand times faster pace than in all ﬁve earlier extinctions.
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Abstract
In the last few decades, mainly due to technological advances, the molecular objects and mechanisms
being continuously at work in living beings and supporting their unique performance, have become
accessible to an unprecedented degree of detail. In particular, the number of complete genome sequences being determined and annotated has been growing exponentially; exhaustive inventories of
cellular RNAs (transcriptomes) are being established, revealing a multitude of non-protein-coding
RNAs (ncRNAs) of unknown function; whole sets of diﬀerent protein species populating cells and
sub-cellular organelles (proteomes) are being massively identiﬁed, quantiﬁed and chemically characterized; genome-wide cartographies are being drawn for site-speciﬁc DNA methylation and chromatin
protein signatures, revealing their interconnected inﬂuences on DNA accessibility and gene expression (epigenomes); protein-protein interactions, multiprotein complexes and gene-gene interactions
occurring within living cells are being systematically put in light and integrated into networks of
astonishing complexity (interactomes). Besides posing a serious challenge to our actual ability to
manage and interpret such a high amount of analytical information, these “post-genomic” studies are opening new, surprising perspectives on the nature of genes, on the complexity of cellular
regulatory networks, on the biogenesis, as well as roles and interplay of biological macromolecules
participating in these networks. We now realize, more clearly than ever before, that what we call
life depends on a molecular scenario whose intricacy is destined to increase proportionally with the
power of our analytical tools. Such a dependence of the living status on indeﬁnitely ramiﬁed and
dynamic chemical interaction networks appears to be in contrast with the unitary sense of being
we experience, as living individuals, from the “inner side” of life, and the reasonable suspect may
arise that even the ultimate analytical description of our material arrangement would not allow us
to infer from it the living status we directly experience. Mainly based on Hans Jonas’ philosophical
reﬂection on the living organism, I will discuss the thesis that life, even in its non-human forms,
cannot be satisfactorily described in terms of the particular arrangements of chemical entities it
depends on, and that a rational approach to the question of life should not exclude an inward,
subjective dimension that is at the same time inaccessible to scientiﬁc investigation, yet essential
to fully understand the objects revealed by it. Viewed in this light, modern biology oﬀers a unique
opportunity to appreciate the immeasurable character of reality, of which life itself is not simply a
part, but the one and only point of access and manifestation.

.
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1.. . .The
Life is ﬁrst of all something of which we have direct experience, ﬁrsthand knowledge. In
a sense, it is the aspect of reality we know best, because it is our own state. We know
much better what life is than what the so-called inanimate things are. Although giving a
deﬁnition of life is a most diﬃcult task (no matter if we try to address it from a scientiﬁc or
philosophical point of view), life is nevertheless the most immediate evidence for any human
being. After all, that peculiar condition which we call life is by far the most concrete content
of our knowledge – not even a content, because it is the very condition of our knowledge: it
is thus something that appears of a radically diﬀerent nature from any other thing which can
enter the ﬁeld of our knowledge.

2. Methodological reduction in life sciences
On the other hand, as soon as life – or, more precisely, as soon as what we all recognize as
living beings – were included among the objects of scientiﬁc investigation, the idea of a clear
cut separation between them and all of the other material objects which can be submitted
to scientiﬁc inquiry started to weaken progressively.
Such a fading of the line between living and non-living natural things, by which our thinking
is permeated to such an extent that likening organisms to machines is frequently not even
considered as a possible matter of debate, mainly originates from a premise which is, in its
origin, purely methodological. A clear enunciation of this premise, on which modern biological sciences are founded, can be read in Claude Bernard’s Lessons about phenomena of life
common to animals and plants (1878).
In the ﬁrst lesson, Bernard enumerates several diﬀerent deﬁnitions of life that were given
before him, starting from ancient Greek philosophers up to his contemporary times. But, he
says,
in physiology we have not to deﬁne life. When we talk about life, we understand each other
easily on this subject, and this is enough to justify the use of the term in an unambiguous
way. It is suﬃcient to agree on the word life, but [...] it is illusory and chimeric, contrary
to the very spirit of science, to search for an absolute deﬁnition.

And he continues, “whatever the subject of his study, the physiologist will never ﬁnd in front
of him anything but mechanical, physical or chemical agents.” Physiology can be taken here
in a broader sense to refer to all experimental, mechanistic biology. As an experimental science, what physiology is directed to are the phenomena of life; and through physiology “we
can only know the material conditions, and not the intimate nature of the phenomena of life.”
In other words, “the properties of living matter are nothing but physico-chemical properties
of organized matter,” and this is all what physiology aims to explain. It is interesting to note
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as they both pretend to seize life’s ﬁrst causes, which are inaccessible. But Bernard does
not seem to worry about what, in living beings, escapes the grasp of physiology, because
by knowing the physical and chemical conditions that entail life phenomena we will be in
a position to conquer and dominate the living nature, which is, according to Bernard, the
scope assigned to physiology [1].
Therefore, the loss of perception of discontinuity between living and inanimate things is ﬁrst
of all rooted in the methodological foundation of experimental biology. As the material
conditions of life phenomena can be described in terms of physico-chemical properties, interactions and organization of the matter of which organisms are made, a position considering
organisms as nothing more than organized matter became more and more tempting. Why
did such a temptation arise, and why is it ﬁnally prevailing? First of all because of the
success of experimental biology in unraveling the inner workings of organisms and in providing countless ways to control life phenomena by controlling their mechanisms. But there is
another, more subtle factor that in my view could have strongly contributed to the loss of
perceived discontinuity between animate and inanimate things.

3. The need for ultimate explanations and its inﬂuence on our views
of life.
This factor is related in a subtle way to the peculiar nature of human beings, to their intrinsic
need for ultimate explanations about the world and themselves. As a matter of fact, humans
are never satisﬁed with provisional or incomplete explanations, no matter how eﬀective they
may be. Now, the explanations that Bernard’s physiology (that mechanistic biology) aims
at providing are, by methodological premise, incomplete. On the other hand, by nature, we
aim at exhaustive explanations. In other words, we cannot be satisﬁed with the results of
a biological science whose methodological foundation imposes to ignore the essence of life,
because it is the latter we are precisely interested in, more than in any other thing.
I would like to exemplify two possible outcomes of such a longing, in the era of experimental
biology, for an ultimate explanation of what life is, of what organisms really are.

3.1 Ceaseless questioning. T. Mann’s ’The magic mountain’.
The ﬁrst type of outcome is wonderfully reported in the novel “The magic mountain” by
Thomas Mann, published in 1924. Here, Hans Castorp, the hero of the novel, during a long
stay in a sanatorium in Switzerland, fascinated by medicine, by the relationship between
health and illness, between matter and life, throws himself into the lecture of handbooks of
anatomy, physiology, biology,... Here are some of his reﬂections, aroused by those readings:
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“What
life, but it did not know what it was.” The non-equilibrium state of the organized matter of
which organisms are made is nicely depicted by Castorp’s wonder about “protoplasm, that
sensitive substance maintaining itself in extraordinary ﬂuctuation between building up and
breaking down.” Then the question about the elusive nature of life recurs like a refrain:
What was then life? It was warmth, the warmth generated by a form-preserving instability,
a fever of matter. [...] It was the existence of the actually impossible-to-exist [...] it was
not matter and it was no spirit, but something between the two, a phenomenon conveyed
by matter, like the rainbow on the waterfall, and like the ﬂame.

These deﬁnitions truly succeed in communicating, through poetical language, what the ensemble of metabolic processes appear to be even now, after one century of biochemical and
biophysical studies. And, with respect to the eﬀort of scientiﬁc investigation directed towards life, Castorp/Mann notes that it is “a hopeful-hopeless project of life to achieve selfknowledge, auto-investigation of nature -– a vain process, after all, since nature cannot be
resolved in knowledge, nor life listen to itself,” and he concludes that “between life and inanimate nature yawns a gulf which investigation strives in vain to bridge” [2]. 1
1
”While the moon took its appointed way above the crystalline splendours of the mountain valley, he
read of organized matter, of the properties of protoplasm, that sensitive substance maintaining itself in
extraordinary ﬂuctuation between building up and breaking down; of form developing out of rudimentary,
but always present, primordia; read with compelling interest of life, and its sacred, impure mysteries. What
was life? No one knew. It was undoubtedly aware of itself, so soon as it was life; but it did not know what it
was. Consciousness, as exhibited by susceptibility to stimulus, was undoubtedly, to a certain degree, present in
the lowest, most undeveloped stages of life; it was impossible to ﬁx the ﬁrst appearance of conscious processes
at any point in the history of the individual or the race; impossible to make consciousness contingent upon,
say, the presence of a nervous system. The lowest animal forms had no nervous systems, still less a cerebrum;
yet no one would venture to deny them the capacity for responding to stimuli. One could suspend life; not
merely particular sense-organs, not only nervous reactions, but life itself. One could temporarily suspend
the irritability to sensation of every form of living matter in the plant as well as in the animal kingdom; one
could narcotize ova and spermatozoa with chloroform, chloral hydrate, or morphine. Consciousness, then,
was simply a function of matter organized into life; a function that in higher manifestations turned upon
its avatar and became an eﬀort to explore and explain the phenomenon it displayed -— a hopeful-hopeless
project of life to achieve self-knowledge, nature in recoil -— and vainly, in the event, since she cannot be
resolved in knowledge, nor life, when all is said, listen to itself.
What was life? No one knew. No one knew the actual point whence it sprang, where it kindled itself. Nothing
in the domain of life seemed uncausated, or insuﬃciently causated, from that point on; but life itself seemed
without antecedent. If there was anything that might be said about it, it was this: it must be so highly
developed, structurally, that nothing even distantly related to it was present in the inorganic world. Between
the protean amoeba and the vertebrate the diﬀerence was slight, unessential, as compared to that between
the simplest living organism and that nature which did not even deserve to be called dead, because it was
inorganic. For death was only the logical negation of life; but between life and inanimate nature yawned
a gulf which research strove in vain to bridge. They tried to close it with hypotheses, which it swallowed
down without becoming any the less deep or broad. Seeking for a connecting link, they had condescended
to the preposterous assumption of structureless living matter, unorganized organisms, which darted together
of themselves in the albumen solution, like crystals in the mother-liquor; yet organic diﬀerentiation still
remained at once condition and expression of all life. One could point to no form of life that did not owe
its existence to procreation by parents. They had ﬁshed the primeval slime out of the depth of the sea, and
great had been the jubilation -— but the end of it all had been shame and confusion. For it turned out that
they had mistaken a precipitate of sulphate of lime for protoplasm. But then, to avoid giving pause before
a miracle -— for life that built itself up out of, and fell in decay into, the same sort of matter as inorganic
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from Castorp/Mann’s reﬂection is a fond eﬀort towards seizing life’s essence
through the contents of scientiﬁc knowledge, colliding with the awareness that what is truly
essential to life is forever elusive, ambiguously intertwined with matter, yet emancipated from
it. Scientiﬁc investigation cannot unveil the secret of life, but it is in our nature not to cease
to seek for it this way. Therefore, in front of the incomplete explanations of physiology, one
possible reaction is to pose more dramatically and passionately the question about the nature
of life, a dynamics which can help to see more in depth into living beings, as Castorp/Mann
does 2 .
3.2 The denial of life
Another possible outcome (actually the prevailing one) of the irrepressible wish for seizing
the essence of life in the era of experimental biology is -– paradoxically – the denial of life.
A vivid expression of such an outcome can be found in F. Nietzsche’s “The gay science” (III,
109), a text almost contemporary to Bernard’s lessons, and following by about 20 years the
publication of Darwin’s “Origin of Species.” Just after the famous statement that God is
dead, Nietzsche enumerates all the “shadows of God,” i.e. all the errors that still have to be
overcome: life is one of them [3].
Let us be on our guard against saying that there are laws in nature. There are only
necessities: there is no one who commands, no one who obeys, no one who transgresses.
[...] Let us be on our guard against saying that death is contrary to life. The living being
is only a species of dead being, and a very rare species.
nature, would have been, happening of itself, miraculous -— they were driven to believe in a spontaneous
generation -— that is, in the emergence of the organic from the inorganic -— which was just as much of a
miracle. Thus they went on, devising intermediate stages and transitions, assuming the existence of organisms
which stood lower down than any yet known, but themselves had as forerunners still more primitive eﬀorts
of nature to achieve life: primitive forms of which no one would ever catch sight, for they were all of less
than microscopic size, and previous to whose hypothetic existence the synthesis of protein compounds must
already have taken place.
What then was life? It was warmth, the warmth generated by a form-preserving instability, a fever of matter,
which accompanied the process of ceaseless decay and repair of albumen molecules that were too impossibly
complicated, too impossibly ingenious in structure. It was the existence of the actually impossible-to-exist,
of a half-sweet, half-painful balancing, or scarcely balancing, in this restricted and feverish process of decay
and renewal, upon the point of existence. It was not matter and it was not spirit, but something between the
two, a phenomenon conveyed by matter, like the rainbow on the waterfall, and like the ﬂame. Yet why not
material -— it was sentient to the point of desire and disgust, the shamelessness of matter become sensible of
itself, the incontinent form of being. It was a secret and ardent stirring in the frozen chastity of the universal;
it was a stolen and voluptuous impurity of sucking and secreting; an exhalation of carbonic acid gas and
material impurities of mysterious origin and composition. It was a pullulation, an unfolding, a form-building
(made possible by the overbalancing of its instability, yet controlled by the laws of growth inherent within it),
of something brewed out of water, albumen, salt and fats, which was called ﬂesh, and which became form,
beauty, a lofty image, and yet all the time the essence of sensuality and desire. For this form and beauty
were not spirit-borne; nor, like the form and beauty of sculpture, conveyed by a neutral and spirit-consumed
substance, which could in all purity make beauty perceptible to the senses. Rather was it conveyed and
shaped by the somehow awakened voluptuousness of matter, of the organic, dying-living substance itself, the
reeking ﬂesh.”
2
I am frequently exploiting Mann’s text as an introduction to the essence of metabolism in cellular biochemistry courses, sometimes with some success.
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secret of life has been unveiled: there is no life. An important contribution to
this eﬀort towards undeifying nature (which coincides with an eﬀort of naturalizing, and thus
undeifying, man) was recognized by Nietzsche in the work of Darwin. As previously pointed
out, Nietzsche “writes after and in the light of Darwin, in persisting awareness of the evolutionary scenario” [4] and he even criticized Darwin, for not having suﬃciently radicalized
the implication of his theory.3
In other terms, when the physico-chemical reduction of living things ceases to be restricted to
the methodological level, and becomes a metaphysical assumption, life, as such, disappears:
only physico-chemical objects remain in front of us, whose nature is in perfect continuity
with the one of any other physical object. It is remarkable that such a denial of life, found
in a philosopher like Nietzsche, who depreciated science because of its overestimation of
truth4 , is also implicit in the positions of a signiﬁcant number of established biologists and
scientists, often without being accompanied by any suspect that such a position results from
a ﬁrm metaphysical option.5 Shifting the methodological premise, according to which life
scientists will address nothing but mechanisms involving physico-chemical objects, to an unquestioned metaphysical assumption (living beings are nothing but physico-chemical objects)
is extremely tempting, precisely because we aim at ultimate explanations. That living beings
are ultimately nothing but physico-chemical objects could be one such explanation, according
to which what we call life would be just one of the possible variants of a natural world which
is metaphysically assumed to be lifeless.
If statements such as “living beings are chemical machines” correspond to truth, if they
are assumed to provide a satisfactory description of the nature of living beings, then it is
unavoidable to interrogate ourselves as the mathematician L. Laﬀorgue does [5]:
Sciences tend to demonstrate that life could never be seen. [..] But, what cannot be
seen, does it actually exist? This is the question the contemporary man asks himself with
distress, not daring to admit it: is he a dead man? In other words, is scientiﬁc research
the hallucinated quest, by contemporary man, for the proof that he is a dead thing in a
dead world?
3

Intriguingly, however, Nietzsche’s main point of disagreement with Darwin’s view is Darwinism’s stress
on survival or preservation instead of on power or growth [4]. In particular, Nietzsche appears to conceive his
“will to power” metaphysically, as a universal force more basic than the “struggle for survival” in Darwinian
selection: “Indeed, the truth was not hit by him who shot at it with the word of the ’will to existence’: this
will-does not exist! / “For, what does not exist, cannot will; but what is in existence, how could that still
will to existence? / “Only where life is, is there also will: not will to life but – thus I teach you – will to
power!” – From F. Nietzsche, Also Sprach Zarathustra, cited by [4].
4
“This pair, science and the ascetic ideal, both rest on the same foundation –- I have already indicated it:
on the same overestimation of truth (more exactly: on the same belief that truth is inestimable and cannot
be criticized). Therefore they are necessarily allies, so that if they are to be fought they can only be fought
and called in question together. A depreciation of the ascetic ideal unavoidably involves a depreciation of
science: one must keep one’s eyes and ears open to this fact.” – From F. Nietzsche, On the Genealogy of
Morals, III,25.
5
Here are a few examples: “Living beings are chemical machines” – Monod, J, Chance and necessity
(1970). “After all, living beings are nothing more than physico-chemical systems.” – Pross (2005), Pure Appl
Chem 77:1905. “Life is a self-sustained chemical system capable of undergoing Darwinian evolution.” NASA’s
deﬁnition of life, G. Joyce 1994 (cited in Barbieri, M (2003). The organic codes. Cambridge University Press).
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3.3. . .Bridging
the gulf between life and inanimate nature?
Now, taking up again the problematic statement by Hans Castorp “between life and inanimate nature yawns a gulf which investigation strives in vain to bridge,” let me very brieﬂy
review what we have learned about the composition and organization of matter found in
living beings, keeping in mind that the same basic types of cellular and macromolecular network organization can be found in all living organisms, from bacteria to man. It is useful to
think of ourselves as continuously dependent on the presence and functioning of those myriad
macromolecules whose controlled synthesis, degradation and concerted interactions ﬁll the
thousands of pages of textbooks of biochemistry and molecular biology and the weekly issues
of hundreds of scientiﬁc journals. Such an exercise may allow us to experience a fruitful vertigo, a shocking, yet beneﬁcial wonder (beneﬁcial, having long been recognized as the source
of any knowledge, including science itself [6, 7]).
Indeed, I cannot avoid recognizing how essential has been and still continues to be, for my
work and my life, the astonishment I have been increasingly experiencing in getting more and
more involved into the study and teaching of the molecular organization underlying living
beings.
A human body is composed of ∼ 1014 cells, that are the basic units of every living organism.
With no exceptions, each living cell is generated from a pre-existing cell. How all diﬀerentiated cells, tissues and organs of a multicellular organism originate from a single cell,
through an impressive series of generation events and a surprising network of cells’ reciprocal
aﬀections, is one of the most ancient and fascinating questions raised by the observation of
growth and development of living beings [7]. Even in adult multicellular organisms, cells
are intensively connected with each other, either directly or through diﬀusible messenger
molecules, forming extremely complex networks. As an extreme example, in our nervous system synapses between neurons are in the order of 1014 , and the number of possible circuits
they can constitute is inconceivably high [8].
The unique performance of cells and thus of organisms, all we can observe in a living cell
or organism that we cannot observe in any other natural object – dynamic self-maintenance
through metabolism (the “form-preserving instability” noted by Castorp/Mann), irritability,
response to stimuli and robustness to perturbations – involve proteins. Proteins are polymers
of amino acids (generally hundreds of them) of 20 diﬀerent types: all the possible combinations of 20 amino acids could in principle generate more-than-astronomical numbers of
diﬀerent proteins. But only tens of thousands of diﬀerent protein types are actually present
in cells. These polymers generally fold into globular three-dimensional structures, whose
most relevant feature is the ability to interact in an extremely speciﬁc manner with other
molecules – of any type, including other proteins: molecular recognition is fundamental for
every biological structure or process. It can be estimated that a typical human cell contains
several billions of protein molecules, belonging to tens of thousands of diﬀerent types, each
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to a particular amino acid sequence [9]. By looking more in depth, an
average protein of 400 amino acids is in turn composed by approximately 10,000 atoms.
Thus, if we are to appreciate the complexity of our material structure, at least with respect
to proteins, we have to think of billions of macromolecular objects, constructed according
to an indeﬁnitely productive combinatorial scheme and each composed of several thousand
atoms, populating each one of our 1014 cells, as well as all the spaces between cells.
Other key macromolecules, occurring in many types and forms in all cells are RNAs. They
are polymers of 4 diﬀerent nucleotides, belonging to the class of nucleic acids, and can
vary in length from 20 nucleotides or less (like the recently discovered microRNAs, playing
widespread regulatory functions in cells [10]) up to several thousands of nucleotides, like the
large RNAs making up the cellular organelles called ribosomes (the seat of protein synthesis)
or the Xist RNA, mediating the inactivation of one X chromosome in all female cells [11].
RNA molecules can fold by exploiting intermolecular base pairing between complementary
nucleotides. In every cell there are hundreds of millions of diﬀerent RNA molecules, of at
least 100.000 diﬀerent types. The multiplicity of RNAs is increasingly being unveiled as more
and more powerful analytical strategies are set up, as demonstrated by the recently released
results of the ENCODE program, whose aims include the identiﬁcation of all cellular RNAs.6
RNAs can play many diﬀerent roles, in particular they can serve as molecular template for
the biosynthesis of proteins, but they also contribute to build up the protein synthesis machinery and to regulate many other processes, mostly by virtue of their ability to base-pair
with other RNA molecules – thus, like proteins, RNAs work through molecular recognition.
The other central class of biological macromolecules is of course DNA, which in human cells
and in all eukaryotic cells is located within a separate compartment, the nucleus. The DNA
found within cells is a double-stranded polymer of nucleotides, in which nucleotides in one
strand can base-pair with chemically complementary nucleotides in the other strand. In the
nucleus of each human cell there are 46 giant double-stranded DNA molecules, each of a
length of at least 50 million nucleotides. DNA can self-replicate, and this property makes
it the essential molecule of heredity. Indeed, stored in DNA molecules are the chemical instructions for the synthesis of any RNA molecule and, ultimately, for any protein molecule.
We must also remind that there are billions of other types of molecules in cells, such as
lipids (making up, together with specialized proteins, the membranes that are essential to
confer each cell its individuality and internal compartmentalization), sugars, amino acids,
nucleotides, thousands of other small molecules participating in intermediary metabolism,
ions, etc.
The three main kinds of macromolecules (proteins, RNAs, DNA) are strictly interconnected
in the process of gene expression, through which all RNAs and proteins are synthesized,
based on DNA-stored instructions in parcels referred to as genes. Each step involves proteins
6

See http://www.nature.com/encode/

64

Volume 4

The elusive life

Winter 2013

. . . .RNAs,
....
and
and is ﬁnely regulated for each of the myriads of genes. In this process, RNA is
synthesized from a DNA template in the process of transcription. RNA molecules can then
be profoundly reorganized and modiﬁed in processes of which splicing is the most fraught
with consequences. There follows the last step of gene expression, consisting in the process
of translation, in which proteins are assembled amino acid by amino acid by an RNA-based
machinery that mediates the transition from the 4-letter alphabet of nucleotide sequences in
the 20-letter alphabet of proteins. Such a conversion (based on the so-called genetic code) is
universal, the same in all living organisms, as are the basic mechanisms of gene expression
and many other basic molecular features of cells.
The expression of genes can individually vary in response to countless types of internal and
external stimuli. Gene regulation occurs mainly through regulated transcription of DNAstored instruction units. DNA chips and, more recently, Next Generation Sequencing (NGS)
strategies [12], can simultaneously reveal transcription changes for each of many thousands
of genes. These kinds of experiments have become possible thanks to the sequencing of complete genomes, and are referred to as “genome-wide” studies. Under diﬀerent conditions, the
patterns of gene expression can be seen to change, almost always reversibly.
Countless diﬀerent gene expression proﬁles can in principle occur in each of our cells at any
given time in response to stimuli, with each individual proﬁle corresponding to a diﬀerent
state of the cell: it is astounding to think of the continuous changes in gene expression proﬁles
occurring simultaneously in each one of our thousand billions of cells. Genes can be turned on
and oﬀ, and genome-wide transcription proﬁles can change continuously, primarily because of
the changing concentration and activity of transcription factor proteins, that speciﬁcally recognize short sequence motifs on DNA and regulate gene transcription [9, 13]. Transcription
regulatory networks are being investigated in ever increasing detail. One successful strategy
for such studies allows the genome-wide mapping of the interactions of transcription factors
with their recognition sequences, with the aim of comprehensively deﬁning which genes are
regulated by each of the hundreds of transcription factors expressed in any cell type. As an
example of results from these studies, the diagram in Figure 1 summarizes the regulatory
interactions7 involving transcription factors that directly inﬂuence the transcription of genes
coding for other transcription factors (i.e., the regulation of the regulators) in the unicellular fungus Saccharomyces cerevisiae (the common baker’s yeast) [14]. What is immediately
clear from the diagram is the extensive, intricate cross-talk and regulatory interplay between
transcription factors. This image, showing an incomplete network for a simple unicellular
organism, provides us with just a tasting of how complex can be regulatory circuitries of gene
expression in each of the billion cells of complex organisms like humans.
As a further level of complexity, gene expression is regulated not only by transcription fac7

Source of the ﬁgure: http://younglab.wi.mit.edu/cgi-bin/young_public/navframe.cgi?s=17&f=
cellularcoord.
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Figure 1: Regulation of the regulators. The diagram represents the network of Saccharomyces
cerevisiae transcriptional regulators that were found to bind to genes encoding other transcriptional
regulators (each interaction is represented by a line with arrow). The more than 100 regulators that
were subjected to genome-wide location analysis are displayed in a circle, segregated into functional
categories based on the functions of their target genes (Cell Cycle in red, Development in black,
Metabolism in blue, Environmental Response in green, DNA/RNA/Protein Biosynthesis in tan).
Circles with arrows depict binding of a regulator to the control region of its own gene.

tors, but also by DNA accessibility. DNA is organized into chromatin, involving abundant
proteins (histone and others) around which DNA can wrap thus becoming more compact.
The fundamental unit in chromatin organization is the nucleosome. More or less chromatin
compaction results in diﬀerent DNA accessibility to transcription machineries. Furthermore,
the tails of histone proteins can undergo many types of chemical modiﬁcations (catalyzed
by speciﬁc enzymes) inﬂuencing the compaction of nucleosomes and the recruitment of other
regulatory proteins. Some of these proteins are themselves enzymes promoting in turn other
histone modiﬁcations. Therefore, enzymes catalyze chemical modiﬁcations of chromatin,
leading to recruitment of other enzymes catalyzing other (or the same) modiﬁcation, and so
on, to constitute other regulatory loops of astounding complexity, whose biological roles are
still largely unexplored [15].
As already mentioned, the common fundamental property of all proteins is their ability to
speciﬁcally recognize other molecules (referred to as ligands) through non-covalent interactions. Among protein ligands are other proteins. Each protein interacts with several other

66

Volume 4

The elusive life

Winter 2013

. . . . . . . . proteins. Protein-protein interactions are essential to life: any biological process,
diﬀerent
with no exceptions, involves reciprocal interactions between two or more proteins. Studies in
the last ten years, again made possible by the availability of complete genome sequences, have
systematically tested the possible binary interactions between large sets of proteins occurring
in diﬀerent organisms. The networks emerging from such studies are usually referred to as
interactomes. Figure 2 provides us with a glimpse of the human interactome8 , by showing
a binary interaction network covering approximately 5% of the estimated total interaction
space in human cells [16]. If we are to think of the whole set of protein-protein interactions
actually taking place in each one of our billion cells, we have to imagine a network whose
complexity is orders of magnitude higher than the one represented. Moreover, as in the
case of gene regulatory networks, we have to remind that protein-protein and protein-DNA
interaction proﬁles are continuously subjected to changes according to growth conditions
and many types of stimuli. Visualizing such changes in a coherent and understandable
way and, more generally, getting biological insights from the impressively wide collections of
high-throughput data is one of the main tasks of contemporary systems biology research [17].

Figure 2: Representation of a human protein-protein interaction network. Colored circles represent
individual human proteins (nodes). Mapped protein-protein interactions (links) are represented by
colored lines.

Each of the countless protein-ligand interactions has a precise functional signiﬁcance which
can only be fully understood within the context of the whole network of interactions. Thus,
for example, interactions with ligands may allow proteins to activate other proteins in the
8

Source of the ﬁgure:
index.html.

http://www.mdc-berlin.de/de/highlights/archive/2005/highlight11/
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brane (with consequences on the activity of many other cellular proteins), to catalyze reactions by acting as enzymes. The activity and regulation of enzymes oﬀers a ﬁnal suggestion
about the chemical conditions of life phenomena. By looking at “classical” schemes of the
main metabolic pathways, like the one in Figure 3, we can easily realize the astonishing number of proteins acting as enzymes, each one catalyzing one of thousands of interconnected
chemical reactions9 . In doing so, each enzyme’s activity is modulated by interaction with
ions or small molecules, or by chemical modiﬁcations like phosphorylation, catalyzed by other
enzymes that can be in turn modulated – as their modulators are also modulated, and so on.
By reﬂecting, with the help of network representations, on the ever-expanding interplay of
cellular proteins (be they endowed or not with enzymatic activity), we can seize a fundamental feature of living systems, expressed by Hans Jonas as follows [19]10 :
[...] the system itself is totally and constantly the result of its metabolic activity, [...]
and no part of this result ceases to be object of metabolism, while being simultaneously its
executor. Even just on this basis, it is incorrect to compare an organism to a machine

The latter statement points out how misleading can be thinking of organisms as machines,
a position that is implicitly assumed in common speeches and even oﬃcial textbooks11 . In
contrast with the machine metaphor for living beings and their performance, the focus on
metabolism, “whereby an organism retains its form and individuality despite the constant
changing of its component parts,” has favored -– since the ﬁrst steps of biochemistry – a ﬂuid
model of organisms, underlining their resemblance to waves or whirlpools [21].
3.4 Inwardness
On the basis of the above discussion, it is evident that the phenomena of life (to use the
words of C. Bernard) depend on a molecular scenario whose intricacy is destined to increase
proportionally with the power of our analytical tools. While contemplating such a vertiginous, ever-unfolding complexity, there are two crucial questions arising:
First, can we foresee an exhaustive, ultimate description of the physico-chemical facts on
which life’s phenomena depend? For example, how feasible do we consider a complete description of a cell in terms of the concentrations and interactions of all its molecular components? And what about a multicellular organism composed of billions of interacting cells?
It is arduous, and probably inappropriate to attempt a deﬁnite answer to such questions.
What can be generally appreciated in scientiﬁc research, is that new discoveries open new
9

Source of the ﬁgure: http://www.genome.jp/kegg-bin/show_pathway?map01100 – Reference: [18].
All quotations of Hans Jonas are my translations from the 1999 Italian edition Organismo e libertà. For
an English edition of the same work, see Jonas, H. (2001) “The Phenomenon of Life: Towards a Philosophical
Biology.” (Evanston, IL – Northwestern University Press).
11
For a succinct recent discussion of common and divergent features of organisms and machines, see [20]
10
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Figure 3: Global representation of the metabolic pathways. Each circle represents a metabolic intermediate. Links between circles depict chemical reactions interconverting the connected molecules.
Each of these reactions is catalyzed by a speciﬁc enzyme.

and deeper questions in an apparently endless dynamics. If one thinks of the resounding
announcement, given in 2000, of the completion of the human genome sequence as a landmark in the disclosure of the secrets of our own life, one cannot avoid considering that the
main consequence of such an accomplishment was instead the discovery of how poor and
biased was our knowledge of the functions of the genome, in particular of the extent of its
expression to generate RNA. Now, the subsequent enormous international eﬀort towards an
exhaustive comprehension of the human genome, the ENCODE (Encyclopedia of DNA Elements) project, is revealing a panoply of new macromolecular components and interactions
that must be taken into account, and is prompting the research community to redeﬁne its
basic views on genes, regulatory networks, and evolution12 [22]. It is thus to be expected
that, once ENCODE and the analysis of its huge amount of data will be ﬁnally accomplished,
further new windows will open again on unexpected scenarios and unexplored territories.
The second question is even more important, although apparently more subtle. Even admitting that such a formidable task is accomplished, that exhaustive molecular models of
living beings are realized: would thus we have a satisfactory account of the living state in
all its aspects, more particularly of what being alive actually is? The latter issue in particular deserves the highest interest, because we know with immediate certainty that what we
experience as being alive is the most important issue, the key point towards which all our
biological research gravitates – perhaps even the sole point that really matters.
Posed in other terms, the same question could sound: can a living being be identiﬁed with
the complete set of its inner workings, or are these inner workings just a face of the living
12

See http://www.nature.com/encode
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ployment? Is the dependence of life on such mechanisms to be taken as an indication that
life is a product of them, that it is completely deﬁned by its material conditions? Answering
yes to this crucial question is after all the materialistic claim, which Bernard suggested to
reject together with the vitalistic one.
If we do not want to censor the ﬁrsthand information about life we have from life itself, I
think we cannot avoid recognizing that there is an inward dimension to it, which we know
to be dependent on the extraordinary deployment of physico-chemical objects and processes
revealed by mechanistic biology, but which that same biology just cannot see. In other terms,
thanks to the life self-evidence we experience, we get aware that organisms might never actually coincide with their material constitution. This consideration directly applies to us, but
we can easily extend it to other organisms, given our material similarities and our common
origin through evolution.
In a draft of his novel “Demons,” Dostoevskij addressed this point in a direct and only apparently naïve manner13 :
Imagine that a bedbug gets near us. Science knows that it is an organism living its own life
and having its own impressions, even some kind of understanding and God knows what
else. But can science know and convey the substance of the life, reﬂections and sensations
of the bedbug? Not at all. To know about all that, it would be necessary for a few seconds
to become a bedbug. And if science cannot do that, then I am allowed to conclude that it
cannot convey to us the essence of other organisms either.

The issue of inwardness in living beings has been addressed vigorously by philosopher Hans
Jonas, whose writings on this subject are collected in The Phenomenon of Life [19, 24]. As
Jonas points out:
“Scientiﬁc biology, bound by its rules to external physical facts, necessarily ignores the
dimension of inwardness that is part of life: in so doing, it makes the diﬀerence between
‘animate‘ and ‘inanimate‘ disappear, and at the same time it leaves its ‘fully explained‘
life even more mysterious in its sense than unexplained life was previously.”

And again: “The introduction of the concept of self is inevitable even in the description of
the most elementary case of life.” According to Jonas, thanks to our organismic nature we
are endowed with a unique kind of inside knowledge through which we can attest that all
organisms have an identity. Unexpectedly, evolutionary biology plays a signiﬁcant role in the
revaluation of organism’s inwardness by Jonas. Indeed, the evolutionary view of the realm
of living, by underlining its continuity, contributes to deprive humans of a special place in
13

Cited in [23]. My translation fromthe Italian text.
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. . . . . in so doing, instead of entailing the common reduction of both man and other orit.. . .But
ganisms to the status of evolving physico-chemical objects, it rather entails the extension of
inwardness – that no scientiﬁc theory could honestly negate, as far as we men are concerned,
unless we admit that our understanding of life is illusory – to the whole realm of life [25].
And if inwardness is coextensive with life in all its manifestations, then a merely mechanistic
interpretation of life can never suﬃce.

4. Conclusion
As far as we recognize that there is an inward horizon in us, and as we think it reasonable
to suspect that something similar occurs in other living beings – precisely because we share
with them a common material origin, the main lesson of evolution – how can we exclude that
inwardness has also played a role in evolution? The awareness that life’s central issue is at
the same time perfectly known to us, in that we are living, yet totally invisible to scientiﬁc
inquiry, provides us with a unique opportunity to appreciate the immeasurable character
of reality and, correspondingly, of our nature. At the same time, given our fundamental
experience of concern, desire, struggle and yearning for happiness, which is mysteriously
rooted in our embodied state, how could we ignore the possibility that organisms other than
us, but sharing with us key features of such embodiment, may actually struggle for other
than just survival? After all, in a purely mechanistic view, there is only survival, but no
struggle at all. Yet struggle, concern, needful freedom cannot honestly be eliminated from
our view of even the simplest forms of life, unless we are ready to consider an illusion our
own immediate understanding of life.

5. Acknowledgements
I wish to thank the participants of the 2012 San Marino Symposium for suggestions and
encouragement, and in particular Tommaso Bellini for many lively discussions on the themes
addressed in this article.

References
1
2
3
4
5

Bernard, C. (1885), Leçons sur les phénomènes de la vie communs aux animaux et aux
végétaux (Librairie J.-B. Baillière et ﬁls: Paris).
Mann, T. (1969), The Magic Mountain (Vintage Books-Edition: New York).
Nietzsche, F. (1924), The Joyful Wisdom (The MacMillan Company: New York).
Richardson, J. (2002), “Nietzsche Contra Darwin”, Philosophy and Phenomenological
Research, 65, 537-575.
Laﬀorgue, L. (2007), “Les mathématiques et la personne humaine”, in: Meeting for the
Friendship Amongst Peoples, Rimini.

71

Volume 4

The elusive life

Winter 2013

....
6 . . . .Bersanelli,M.,
M. Gargantini (2009), From Galileo to Gell-Mann: The Wonder that
Inspired the Greatest Scientists of All Time in Their Own Words (Templeton Press:
West Conshohocken, PA).
7 Gilbert, S.F. (2013), “Wonder and the necessary alliances between science and religion”,
Euresis Journal, Volume 4.
8 Moro, A. (2011), The presence of inﬁnity: Linguistic universals, Euresis Journal, 3,
25-30.
9 Lodish, H.F. (2013), Molecular cell biology, 7th ed. (W.H. Freeman and Co.: New York).
10 Ambros, V. (2001), “microRNAs: tiny regulators with great potential”, Cell, 107, 823826.
11 Plath, K., S. Mlynarczyk-Evans, D.A. Nusinow, B. Panning (2002), “Xist RNA and the
mechanism of X chromosome inactivation”, Annu Rev Genet, 36, 233-278.
12 Hawkins, R.D., G.C. Hon, B. Ren (2010), “Next-generation genomics: an integrative
approach”, Nat Rev Genet, 11, 476-486.
13 Preti, M., C. Ribeyre, C. Pascali, M.C. Bosio, B. Cortelazzi, J. Rougemont, E. Guarnera,
F. Naef, D. Shore, G. Dieci (2010), “The telomere-binding protein Tbf1 demarcates
snoRNA gene promoters in Saccharomyces cerevisiae”, Mol Cell, 38, 614-620.
14 Lee, T.I., N.J. Rinaldi, F. Robert, D.T. Odom, Z. Bar-Joseph, G.K. Gerber, N.M. Hannett, C.T. Harbison, et al. (2002) “Transcriptional regulatory networks in Saccharomyces
cerevisiae”, Science, 298, 799-804.
15 Suganuma, T., J.L. Workman (2011), “Signals and combinatorial functions of histone
modiﬁcations”, Annu Rev Biochem, 80, 473-499.
16 Stelzl, U., U. Worm, M. Lalowski, C. Haenig, F.H. Brembeck, H. Goehler, M. Stroedicke,
M. Zenkner, et al. (2005), “A human protein-protein interaction network: a resource for
annotating the proteome”, Cell, 122, 957-968.
17 Vidal, M., M.E. Cusick, A.L. Barabasi (2011), “Interactome networks and human disease”, Cell, 144, 986-998.
18 Kanehisa, M. (2002), “The KEGG database”, Novartis Found Symp, 247, 91-101; discussion 101-103, 119-128, 244-152.
19 Jonas, H. (1999) Organismo e libertà. Verso una biologia ﬁlosoﬁca. (Einaudi: Torino).
20 Deplazes, A., M. Huppenbauer (2009), “Synthetic organisms and living machines: Positioning the products of synthetic biology at the borderline between living and non-living
matter,” Syst Synth Biol, 3, 55-63.
21 Gilbert, S.F. (1982) “Intellectual traditions in the life sciences: molecular biology and
biochemistry”, Perspect Biol Med, 26, 151-162.
22 Djebali, S., C.A. Davis, A. Merkel, A. Dobin, T. Lassmann, A. Mortazavi, A. Tanzer,
J. Lagarde, W. Lin, et al. et al. (2012) “Landscape of transcription in human cells”,
Nature, 489, 101-108.
23 Kasatkina, T. (2012) Dal paradiso all’inferno. I conﬁni dell’umano in Dostoevskij (Itaca:
Castelbolognese, RA).
24 Jonas, H. (2001), The Phenomenon of Life: Toward a Philosophical Biology (Northwestern University Press: Evanston, IL).
72

Volume 4

The elusive life

Winter 2013

.
25........
Di Paolo,
E.A. (2005), “The Phenomenon of Life, by Hans Jonas”, Journal of the British
Society for Phenomenology, 36, 340-342.
.

73

. Volume

Winter 2013

.........

4

......... .

Was Voltaire right?
Social dilemmas and the evolution of the social contract

Volume 4
Winter 2013
journal homepage

Karl Sigmund

www.euresisjournal.org

Faculty of Mathematics, University of Vienna
Nordbergstrasse 15, A-1090, Vienna, Austria
.
Karl.Sigmund@univie.ac.at

.

.

Abstract
Free riders can exploit and therefore subvert joint enterprises. Empirical and theoretical research on
mutual aid games indicates that the threat of punishment can curb free-riding. Since punishment is
often costly, however, this raises an issue of second-order free-riding: indeed, the sanctioning system
itself is a public good which can be exploited. Most investigations, so far, considered peer punishment:
players could punish those who exploited them, at a cost to themselves. Only a minority considered
so-called pool punishment. In this scenario, players contribute to a punishment pool before engaging
in the mutual aid game, and without knowing who the free-riders are. This is a ﬁrst step towards
an institution forcing the members of the community to cooperate. Theoretical and experimental
investigations show that peer punishment is more eﬃcient, but pool punishment more stable. Social
learning leads to pool punishment if sanctions are also imposed on second-order free-riders, but to
peer punishment if they are not. Both types of coercion emerge only if the interaction is voluntary,
rather than compulsory. This sheds light on Rousseau’s opening sentence of his Social Contract:
’Man is born free, and everywhere men are in chains’.

.

1. Selﬁshness and solidarity
Voltaire wrote in his Lettres Philosophiques:
Assuredly, God could have created human beings uniquely interested in the welfare of
others. In that case, traders would have been to India by charity, and the mason would
saw stones to please his neighbor. But God designed things otherwise. It is through our
mutual needs that we are useful to the human species: this is the grounding of every trade;
it is the eternal link between men.

Voltaire’s opinion is shared by many thinkers. According to their view, mutual help and
cooperation, which are so basic to human communities, and so ingrained in human nature,
are grounded in self-interest. As Voltaire stated ﬂatly: “It is impossible that a society can
emerge and subsist without self-love...”
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the words “emergence” and “subsistence” testify. His term “self-love” (amour propre) seems
close to the proverbial “selﬁsh gene” of Darwinians. Indeed, the evolution of cooperation
is one of the central topics in theoretical biology. Can the evolutionary approach help to
our understanding of the social contract, of morality, virtues and institutions? To this vast
question, evolutionary game theory has recently added intriguing elements [1, 2]. The ﬁrst
task that has to be addressed is to explain why the evolution of cooperation should raise any
problem at all. Cooperation is so obviously a good thing that it seems hard to understand
why two individuals, who both proﬁt from cooperating, should ever fail to do so. The answer to this question is that frequently, each individual can proﬁt even more by exploiting
the other. If each yields to the temptation and defects, then both will forego the bonus of
cooperation.
To be more speciﬁc, let us consider the so-called donation game, which can easily be implemented in an experiment. The experimenter asks two players to independently decide
whether to send a gift to the other player or not. If player ’Alice’ decides to send a gift
to player ’Bob’, then ’Alice’ has to pay 5 euros to the experimenter, and the experimenter
will give 15 euros to ’Bob’. The players cannot communicate with each other. They are in
separate rooms, have never met each other and know that they will never see their co-player.
After the experiment, they will go their separate ways, in complete anonymity.
Let us assume, more generally, that the donation, or “gift”, confers a beneﬁt b to the recipient, at a cost c to the donor, with 0 < c < b. If both players cooperate, each receives a payoﬀ
b − c > 0, whereas both receive nothing if they both defect. This can be described by the
following payoﬀ matrix, which shows the payoﬀ for ’Alice’, i.e., player A (who can choose
between the rows C and D, whereas the co-player can choose between the columns C and D:

If A plays C
If A plays D

If B plays C
b−c
b

If B plays D
−c
0

Clearly, the socially desirable outcome is that of mutual cooperation. However, this outcome
will be diﬃcult to reach for players bent on maximizing their income. Indeed, it is inconsistent, in the sense that if the other player duly plays C, then one can improve the own payoﬀ
by playing D. Should the other player play D, then it is better to also play D. In each case,
from the viewpoint of an individual player, it is always better to defect. Therefore, the only
consistent outcome is for both players to play D: consistent in the sense that both players
cannot improve their payoﬀ by unilaterally switching strategy. Unilaterally is the essential
qualiﬁer: if the two player’s decisions were correlated, for instance, if a rule stated that both
had to choose the same move, then cooperation would be the obvious outcome. But the two
players are individuals, i.e., independent actors with diﬀerent preferences. Nothing correlates
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The experimental situation creates a conﬂict of interest.
This game is an example of a social dilemma: self-interested motives lead to self-defeating
moves. This need not always be the case. In fact, such social dilemma situations are often
neglected. The contemporary of Voltaire, Adam Smith, famously suggested that an “invisible
hand” harmonizes the selﬁsh actions of individuals. By striving to maximize their own revenue, they maximize the total good. To quote Adam Smith: “By pursuing his own interest,
he frequently promotes that of the society more eﬀectually than when he really intends to
promote it.” This view is widespread. In fact, Alexis de Tocqueville wrote (in the nineteenth
century!) that “Americans show with complacency how an enlightened regard for themselves
constantly prompts them to assist each other.” But social dilemmas show that there exist
situations where the invisible hand is not only invisible: it is gone.
The branch of mathematics dealing with conﬂicts of interest is game theory. In classical game
theory, it is assumed that players are rational, and able to predict and optimize their payoﬀ.
But we can apply evolutionary game theory to the behavior of considerably less sophisticated
agents. It is enough to assume that successful behavior is copied more easily. In a population
of C-players and D-players randomly encountering each other, and interacting in a donation
game, the D-players would always do better. According to evolutionary game theory, their
behavior would therefore spread. The ultimate outcome would be the total elimination of
cooperators. Thus the emergence of cooperation is not only a challenge for a population of
rational agents, able to anticipate all possible moves of their opponents and to ﬁnd the best
possible answer. It also poses a major problem for evolutionary biology.

2. Kin selection
There are basically two classical approaches to overcome the problems associated with the
evolution of cooperation, both known and studied since almost half a century. The ﬁrst
approach is named Kin Selection. It is essentially due to Willam D Hamilton, although precursors such as JBS Haldane and RA Fisher anticipated him (and Charles Darwin clearly was
on the right track) [3, 4]. The basic observation is that most biological cooperation occurs
within families, for instance in raising oﬀspring. This is simply a corollary of the Darwinian
“struggle for survival.” Genes which help to promote their own spreading, by enhancing the
survival and fecundity of the organisms carrying them, will clearly become more frequent
than genes which do not. Parents programmed to help their children have necessarily an
advantage in passing along their genetic program.
In exactly the same way, siblings programmed to help each other will also have a selective
advantage. More precisely, a gene causing you to help your sibling will help to spread itself:
for it is, with a high probability, carried by the sibling too. This helps in explaining, for
instance, the phenomenon of nest helpers which is so frequent among bird species. Such
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helpers
at the parental nest for one or more seasons and help their parents in raising
younger generations. Similarly, R.A. Fisher used the approach in explaining the prevalence
of warning colors among distasteful caterpillars. The bright colors may seem at ﬁrst sight
a suicidal advertisement policy. But a bird that swallows such a lurid caterpillar will most
likely never do it again. If this saves the life of the caterpillar’s siblings (as will most probably
be the case, since they travel in family groups), then the victim’s death has not been a vain
sacriﬁce, from the corresponding gene’s point of view. The genes for bright colors will be
passed on through the siblings, and can spread. The famous geneticist Haldane is supposed
to have quipped, in a similar vein: “I am ready to lie down my life to save two of my brothers,
or eight of my cousins.” Why two? Why eight? Obviously, there is some theory behind it.
It is based on the quantiﬁcation of relatedness.
The relatedness between two players can be deﬁned in various ways. Here, we simply assume
that it measures relatedness by descent, also known as con-sanguinity: this is the probability
r that a recently mutated gene, if it is carried by one player, is also carried by the other. Of
course, any two humans are related, if we go back far enough. But we do not share all our
genes. A mutation occurring in the body of my grandfather produces an allele which will
be found with probability 1/2 in his children, and with probability 1/4 in his grandchildren.
Under usual circumstances (in particular, no parental inbreeding), the coeﬃcient of relatedness between two siblings is 1/2; between me and my nephew it is 1/4, and between two
cousins it is 1/8. Relatives can be viewed in this sense as watered-down copies of oneself.
The coeﬃcient r measures the amount of dilution. The higher r is, the more the genetic
interests coincide. The payoﬀ matrix of the donation game described above now becomes

If A plays C
If A plays D

If B plays C
(b − c)(1 + r)
b − cr

If B plays D
br − c
0

This is obtained, roughly, by viewing any increase in your co-player’s ﬁtness as an increase
of your own ﬁtness, but discounted by the factor r. Clearly, if the coeﬃcient of relatedness
satisﬁes r > c/b, then the elements in the ﬁrst row are larger than the corresponding elements
of the second row. Hence, in this case, no matter what your co-player does, it is better to
choose the ﬁrst row, i.e., to cooperate. This is known as Hamilton’s rule [5].
This “selﬁsh gene” view, elaborated as the theory of kin selection, has been developed to a
considerable extent, within the last ﬁfty years. A more “modern” version of Hamilton’s rule
is based on relatedness by assortment, which replaces the coeﬃcient of consanguinity by the
diﬀerence between the conditional probabilities of encountering (as co-player) a cooperator,
i.e., a C-player, depending on whether you are yourself a cooperator or a defector, i.e., a
D-player. Again, this leads to Hamilton’s rule, but this time for relatedness by assortment,
rather than relatedness by descent.
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as bees or ants, where the family ties are extremely tight. Typically, all workers in a bee
hive or an ant hill are sisters, the daughters of one queen, who herself is often the product
of intensive inbreeding. The degree of relatedness, in that case, is so high that one can view
an insect state as a “super-organism.” (Indeed, in an organism, the body cells all share the
same genes, so that the degree of relatedness is 1).
Darwin, who had overlooked (like everyone else) the contemporary work by Mendel, did not
have a clear idea of how inheritable traits could be passed on from one generation to the
next. The notion of a gene was unknown to him. Nevertheless, he had as good a grasp of
the principles of kin selection as was possible in his time. This can be seen in the following
quote [6]:
One special diﬃculty [...] at ﬁrst appeared to me insuperable, and actually fatal to my
whole theory. I allude to the sterile females in insect-communities [who] diﬀer widely [...]
from both males and fertile females, and yet, from being sterile, cannot propagate their
kind... Natural selection may be applied to the family, as well as to the individual.

Kin selection can lead to impressive feats of altruism and self-sacriﬁce. For instance, so-called
honey pots ants are worker ants spending all their life clinging to the wall of a subterranean
chamber, their bodies exclusively used for storing nutrient. And worker bees are ready to
sting intruders and thus to perform a suicide attack in order to defend their hive. It seems
that such acts of self-immolation can only be explained by indirect ﬁtness beneﬁts, since neither honey pot ants nor kamikaze bees can have any direct descendants able to carry copies
of their genes into future generations.
How much is the nature of human beings aﬀected by kin selection? Aristotle, one of the earliest zoologist, classiﬁed humans with ants and bees as social animals, and we are certainly
achieving comparable feats of solidarity. The role of bees in Napoleons heraldic propaganda
is a well-known example recognizing the role of cooperation in human society. An important treatise written by Bernard Mandeville more than three hundred years ago was entitled
“The Fable of the Bees” and compared the bustle of a modern city with that in a bee-hive.
Some of the parallels between bees and humans are striking indeed: the division of labor, the
ceaseless bustle and exchange, the hierarchical organization, etc. Nevertheless, it has become
clear that human sociality is very diﬀerent from that of hymenoptera (bees and ants) or termites. Basically, humans have not given up reproduction in favor of a few highly privileged
individuals. Most humans can and do reproduce, in contrast to social insects where the job
is delegated to specialized queens and consorts. Hence, the average relatedness in a town is
only a tiny fraction of that in a hive.
Obviously, humans have a remarkable tendency to also cooperate with non-relatives. This
does not mean to imply that nepotism is irrelevant for human societies. In fact, many problems are caused by exactly this tendency to favor close kin, and a large part of democratic
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required for cooperation.
Economic experiments show that players preferentially trust similar-looking co-players, and
indicate that kin selection is at work, able to produce mechanisms which are not even conscious. The players are provided with pictures of their ostensible partners, and these pictures
can be manipulated, through digital sorcery, to look like themselves to a greater or lesser
extent. Invariably, similarity promotes cooperation [7]. Hence, familiarity enhances trust.
Clearly, such cues for self-similarity can be promoted by cultural means. Many groups provide their members with characteristic uniforms, badges, tattoos, ties, hangouts, accents,
musical tastes or slang idioms.
Under normal circumstances, many tend to view strangers as “honorary relatives,” and cooperate. This can be exploited by a rhetoric propaganda which emphasizes fraternity, which
depicts the own group as a band of brothers, and which calls the own country “fatherland”
or “patria”, and the native idiom “mother tongue”. It is needless to add that these tricks can
boost cooperation towards sinister ends: Maﬁosi gangs term themselves “family.”

3. Reciprocal altruism
Nevertheless, the widespread cooperation between non-related individuals cannot be attributed simply to the maladaptation of kin recognition mechanisms. It is obvious that
altruistic acts between non-related individuals can often lead to direct beneﬁts. Already
Adam Smith, in his Theory of Moral Sentiments, emphasized “our propensity to trade,
barter and truck” [8]. This leads to the second major approach, by evolutionary biologists,
to explain the emergence of cooperation. It started with a seminal paper by Robert Trivers,
and is generally designed as “Reciprocal Altruism” [9].
In its simplest embodiment, direct reciprocity can be deﬁned as “the trading of altruistic
acts in which beneﬁt is larger than costs, so that over a period of time both parties enjoy a
net gain.” Darwin [10] anticipated this when he wrote that “the small strength and speed of
man, his want of natural resources etc. are more than counterbalanced by his social qualities,
which led him to give and receive aid from his fellow man.”
In the simplest model, this can be described by an Iterated Prisoner’s Dilemma game. The
same two players meet in round after round. In that case, they are not obliged to choose
the same option C or D in every round. They can use conditional strategies, and decide
whether to cooperate or defect according to the past behavior of their co-player. The strategy coming most naturally to mind, in this context, is to reciprocate good with good, and
bad with bad. Many experiments have shown that a large majority of humans are conditional cooperators, and want to play C if the co-player also choses C. But how can one
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the co-player will play C? The problem is essentially one of trust. In the
context of repeated games, players can base their decision on the past behavior of their coplayer. The simplest such strategy is Tit-For-Tat (TFT): it consists in playing C in the ﬁrst
round, and from then on to use whichever move the co-player used in the previous round [11].
If w is the probability that the same two players will engage in a further round of the
game, then the expected number of rounds is given by 1/(1 − w). If we consider only the
two strategies TFT and All-D (which consists in defecting in every round), then the payoﬀ
matrix is given by
If A plays T F T
If A plays AllD

If B plays T F T
(b − c)/(1 + w)
b

If B plays AllD
−c
0

Indeed, if both players play TFT, they will cooperate, and thus earn the payoﬀ b − c in every
round. If they both play AllD, by contrast, they will earn nothing at all. A TFT player
will be exploited by an All-D player in the ﬁrst round, but in subsequent rounds, both will
defect. It is easy to see that if w > c/b, i.e., if the expected number of rounds is suﬃciently
large, then it does not pay, against a TFT-player, to play All-D: the advantage gained in
the ﬁrst round cannot make up for the handicap of turning the co-player into a defector.
On the other hand, it does not pay, against an All-D player, to use TFT. In the repeated
Prisoner’s Dilemma game, there is not one strategy which is always the best, independently
of the other player’s decision. It is best to do whatever the other player does. This means
that the evolutionary dynamics is bi-stable. If most players in the population use one of
the strategies, then it is best to also adopt it. If w is close to 1, however, then the contest
between TFT and All-D is rigged in favor of the former: its basin of attraction is much larger.
Nevertheless, the TFT strategy has some weaknesses. For instance, unconditional cooperators (i.e., All-C players) can enter a population of TFT-players by neutral drift. Indeed, both
strategies do exactly as well, everybody cooperates in every round, and therefore, selection
does not act in one direction or the other. This means that by sheer chance, or in other words
by random drift, a sizable amount of All-C players can build up. But once this happens,
then All-D players can invade, since they can exploit the All-C players. Another weakness
of TFT-societies is that they are very vulnerable to errors. If two TFT-players interact and
one of them defects by mistake, this will cause a long vendetta. If such errors are taken into
account, the dynamics of a population consisting of TFT, All-C and All-D players is highly
unstable. Either All-D eliminates the other two strategies, or else the frequencies of all three
will endlessly undergo un-damped oscillations.
There are other conditional strategies which do not have the defects of TFT. This holds in
particular for Win-Stay, Lose-Shift (WSLS). Players using that strategy start with a cooperative move and from then on repeat the former move if it yielded a positive income, but
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it is striking to see it emerge spontaneously [12].
Needless to say, when applying the mechanisms of evolutionary game theory to humans,
we do not assume that strategies are inherited from parent to oﬀspring. For the hardwired behavior of social insects, this assumption is reasonable enough, but for humans, it is
absurd. Fortunately, we can use the machinery of evolutionary game theory even if strategies
are transmitted, not through inheritance, but through social learning. If humans have a
propensity to preferentially imitate more successful strategies, then we can apply the same
dynamics to “memes” rather than genes, i.e., to ideas which can be transmitted from brain
to brain. The role of “mutations”, in this context, is provided by the random adoption
of behavioral alternatives. Whether in the context of selection-mutation or of imitationexploration, i.e., whether in biological or cultural evolution, we are led to the same process
of trial-and-error, and hence to the same dynamics.

4. Generalized Reciprocity
So far, we have dealt with direct reciprocity. But the human tendency to cooperate is much
more pervasive. Not every help is directed at a recipient able to return that help, and it is
clear that such actions are beyond the realm of direct reciprocation. The story of the Good
Samaritan is a case in point. At ﬁrst glance, it seems to be beyond economic considerations.
It may well be, however, that an act of help is returned, not by the recipient, but by a third
party. The idea of an indirect, or “generalized” reciprocity can be found in Trivers’ seminal
paper already. In direct reciprocity, if ’Alice’ provides help to ’Bob’, then ’Bob’ is supposed
to return help to ’Alice’. In indirect reciprocity, if ’Alice’ helps ’Bob’, then the help can be
returned to ’Alice’ by some third party, for instance ’Charlie’. This seems a more subtle
form of reciprocation. Direct reciprocity works on the principle that “I’ll scratch your back
if you scratch mine.” Indirect reciprocity works on the principle “I’ll scratch your back if you
scratch somebody’s.” In direct reciprocity, I use my experience with someone. In indirect
reciprocity, I also use the experience of others. This is cognitively much more demanding.
But both direct and indirect reciprocity are forms of conditional cooperation: the willingness
to assist those who are willing to provide assistance.
I, based on the evolutionary biologist Richard Alexander, who coined the term “indirect reciprocity”, stressed that it “involves reputation and status, and results in everyone in the group
continually being assessed and reassessed.” He argued that it represents the “biological basis
of moral systems” [13] (the title of his book). Indirect reciprocity requires a high degree of
information. Whether ’Alice’ provides or refuses help to ’Bob’ can be either directly observed
by third parties, or learned through gossip from others. This forms the basis for Charlie’s
decision on whether or not to help ’Alice’, in turn. ’Charlie’ in eﬀect acts upon a moral
judgment which determines whether ’Alice’ deserves to be helped or not.
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In the very simplest model, we can assume that every player has a binary reputation, which
can be either G (for “good”) or B (for “bad”). Individuals meet randomly, as potential
donors or recipients, and the donors can confer a beneﬁt b to the recipient at a cost c for
themselves. Donors who provide help obtain reputation G, and those who refuse obtain B.
The discriminating strategy consists in giving help to G-recipients, and withholding help
from B-recipients. This discriminating strategy is what, in the simpler situation of direct
reciprocity (repeated games between the same two players) corresponds to TitForTat. In
indirect reciprocity, it may be that players meet only once. Reputation takes the place of
repetition.
Let us consider a population consisting of discriminators, as well as AllC- and AllD-players.
It turns out that if the degree of information, i.e., the probability q to know the other player’s
reputation, is larger than the cost-to-beneﬁt ratio c/b, then the population will either evolve
towards ﬁxation of the all-out defectors playing AllD, or towards a mixture of discriminating
and undiscriminating cooperators. This mixture can eventually be subverted by neutral drift,
in a manner reminiscent, but not quite similar to the direct reciprocity case. If we assume
that each player, in time, becomes better informed about the co-players, then the mixture
of discriminating and undiscriminating altruists actually becomes a stable attractor for the
evolutionary dynamics.
The discriminating strategy considered so far displays an element of paradox. Indeed, it is
certainly useful to the society when cooperation is channeled towards cooperators, and defectors are kept at bay; but it is costly to the discriminator. By refusing to help a B-player,
discriminators acquire themselves the B-label, and are therefore less likely to be helped in the
next round. Clearly, it would be better to distinguish between justiﬁable and unjustiﬁable defection. But this requires more sophisticated rules for assessing what is good and what is bad.
The very rudimentary moral system considered up to now is called SCORING: according
to this system, it is always bad to refuse help [14, 15]. The STANDING rule seems more
reasonable: for this rule, it is bad to refuse help to a good player, but not to refuse help to
a bad player. An even sterner version is named JUDGING: it views, additionally, any act of
help directed towards bad players as a bad behavior.
We can classify the diﬀerent types of assessment rules. A ﬁrst order assessment rule simply takes into account whether help is given or not. A second order assessment rule takes
moreover into account whether the recipient is good or bad. A third order assessment rule
takes additionally into account whether the donor is good or bad. This leads to 256 value
systems [16, 17]. Only eight of them are stable in the following sense. For a homogeneous
population adopting such a value system, there exists a uniquely speciﬁed rule of action (prescribing when to help, depending on the donor’s and the recipient’s image) which leads to
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by AllC or AllD. Two of the eight stable rules are of second order, none of ﬁrst order.
So far, there exist only very preliminary theoretical results on the competition between several co-existing assessment rules. Empirically, however, it seems clear that in many societies,
several assessment rules co-exist. In particular, experiments have consistently shown that
SCORING, despite its drawbacks, is adopted by a substantial part of the players. It seems
to be cognitively very demanding to adopt higher-order assessment rules, since such rules
require information, not only on the recipient’s past behavior, but also on that of the recipient’s recipients, etc. It can be argued that a population adopting a higher order assessment
rule could continuously update the images of all the players in a consensual process, but this
seems to require an extraordinary amount of information exchange.
The competition of rudimentary “moral systems” under conditions which include the possibility of occasional errors in action or judgement turns out to be remarkably diﬃcult to
analyse. Indeed, the status of a given group-member will in general be diﬀerent for observers
using diﬀerent assessment rules. If additionally, the assessment of a player is based on several actions of that player, or if there are more than two labels for a player’s reputation (for
instance, “good”, “bad” and “indiﬀerent”), the complexity of the moral system explodes.
Formalizing ethics appears to be harder than formalizing logic. Practical philosophy deﬁes
mathematizing.

5. Morality and natural science
This leads to the question whether it makes sense, at all, to study morality by methods from
the hard sciences. Many people, especially among those with a background in the humanities, are uneasy with the application of Darwin’s theory, or mathematical models, to the
evolution of moral norms. In their eyes, ethics is a taboo topic for natural science, since it
has to do with values, rather than with empirical facts. The following quote [18] stems from
Pope John Paul II:
Consequently, theories of evolution which [...] consider the mind as emerging from the
forces of living matter, are incompatible with the truth about man.

It is not only American creationists, but many European intellectuals who would essentially
agree. They may accept Darwinism in all other aspects, but shrink from applying it to the
so-called higher faculties of humans. The most distinguished “exceptionalist” was Alfred
Russell Wallace, the man who almost scooped Darwin by co-discovering natural selection.
Wallace [19] wrote:
Man’s intellectual and moral faculties [...] must have another origin [...] in the unseen
universe of Spirit.
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Darwin
did never shrink from investigating the evolution of our moral sense. One of
his folders, which he later entitled “Old and useless notes on the moral sense” dates from
1837, when he was still in his ’twenties. Darwin did certainly grasp the importance of reciprocation, as is clear from the quote: “We are led by the hope of receiving good in return
to perform acts of sympathetic kindness to others.” And when he wrote: “[Man’s] motive to
give aid [...] no longer consists solely of a blind instinctive impulse, but is largely inﬂuenced
by the praise and blame of his fellow men,” he had obviously understood that in contrast to
social insects, human cooperation is to a large extent based on reputation [20].
Indirect reciprocity was an essential factor in human evolution, because it provided a selective
pressure for social intelligence, human language, and moral faculties. This does not imply,
of course, that moral rules are innate. Just as we do not inherit a particular language, but
have an innate faculty to quickly acquire a language, so we are not born with a ready-made
moral system, but have the faculty to adopt one at an early age.
It should be stressed that the models considered so far are extremely crude. It is obvious
that they cannot reﬂect the wealth of social and psychological mechanisms at work in human
cooperation. Nevertheless, even very crude recipes can be useful. A telling example was
provided by the recent growth of e-commerce. Economic interactions of this type typically
occur on a global scale, and between partners who are almost anonymous. Nevertheless, the
extremely simple reputation mechanisms provided, for instance, in an e-bay exchange are
enough, in general, to guarantee that partners do not cheat on each other [21, 22].

6. Mutual Aid and sanctions in larger groups
So far, we have only considered interactions between two players. These can, in general, be
understood by a cost-to-beneﬁt analysis. The ratio c/b has to be smaller than something – for
instance, the coeﬃcient of relatedness r, or the probability of another round w (the “shadow
of the future”), or the degree of information q about other players. Many interactions occur
in larger teams, however, and this raises additional diﬃculties. The mere concept of reciprocation, for instance, becomes more diﬃcult. Whom do you reciprocate with, if your group
contains both cooperators and defectors? A typical model for such a situation is given by
the so-called Mutual Aid game [1]. The situation of the Mutual Aid game mimics situations
where members in a group who fall on hard times (through illness or another type of mishap)
are helped by the other group members; it depicts a kind of mutual assurance funds.
All N players in a group are asked to contribute some amount, knowing that this will be
multiplied by a certain factor r > 1 and then divided equally among all other players. If
all contribute the same amount, their return will be the r-fold of that amount. But each
individual receives nothing from the own investment in return: it is obviously more proﬁtable
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ers follow the same line of action, no one will contribute anything. In actual experiments,
players often contribute a substantial amount, but then, from round to round, reduce their
contributions gradually. They feel exploited by those who contribute less than they did, and
try to retaliate by contributing even less. But this hurts the cooperative players too, who
then reduce their contributions in turn, etc.
Obviously, the snag in this game is that exploiters cannot be treated diﬀerently from cooperators. If the game is modiﬁed so that between the rounds of the Public Goods contributions,
players can punish or reward speciﬁc individuals, depending on the size of their contributions,
then cooperation can often be stabilized at a high level. This targeted form of providing positive or negative incentives – the carrot and the stick – again relies on reciprocation.
Trivers [9] described this in his paper on reciprocal altruism. He wrote: “Altruistic acts are
dispensed freely among more than two individuals, an individual being perceived to cheat if
he dispenses less than others, punishment coming from the others in the system.” In manyperson interactions, cooperators can gang together to punish cheaters. This can also be
implemented in a game lab by modifying the Mutual Aid experiment. In this new two-stage
game, the ﬁrst stage runs exactly as before. In the second stage, players can impose ﬁnes
upon their co-players. These ﬁnes are collected by the experimenter. They do not land on
the punisher’s account. In fact, each punisher must pay a fee for the experimenter to collect
the ﬁne.
From the viewpoint of homo economicus, the analysis is easy. A player bent on maximising
income should not punish, since this is costly. Hence nothing ought to happen in the second
stage. Hence, the ﬁrst stage will be unaﬀected. No punishment, no contributions, and no
gains: the selﬁshly motivated inertia in both stages of the game leads to economic paralysis.
Gratifyingly, this does not happen in real experiments, which are usually slightly more sophisticated versions where players can choose between diﬀerent levels of contribution and
sizes of ﬁnes. In the absence of punishment, contributions slide downhill; with punishment,
they quickly rise to almost hundred percent. This happens if the groups stay together, but
most signiﬁcantly even if they are newly formed between rounds, and players know that they
will never meet a co-player twice. By inﬂicting punishment, they can conceivably educate
and “reform” a defector. But punishers know that the future contributions of such neophyte
co-operators will exclusively beneﬁt others. Punishment appears as an altruistic act [23].
This is an astonishing outcome. Without sanctions, mutual aid is not realised. With sanctions, it is, although selﬁsh reckoning prescribes that costly punishment should not be delivered. In the absence of institutions, players are willing “to take the law into their own
hands.” This enforces cooperation in many-player interactions between unrelated individuals
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trait of human societies, and surely an essential factor in our evolutionary
history. The investigation of the interplay between mutual assistance and social enforcement
is a booming enterprise. Economists use experimental games to study the eﬀects of positive
and negative incentives –- reward and punishment –- on our propensity to collaborate. Anthropologists visit small-scale societies to measure the culture-dependence and universality of
pro-social norms. Psychologists study the often sub-conscious cues eliciting emotions which
lead to helping behaviour or moralistic aggression. Neurologists use magnetic resonance
techniques to correlate social dilemmas with brain activities. Political scientists attempt to
improve governance of institutions promoting collective actions. Trans-disciplinary dialogues
are in full swing, although communication sometimes needs semantic abetment.
The mathematical explanation of the emergence of costly sanctioning raises interesting questions. In particular, since punishing others is costly, players ought to be tempted by so-called
“second-order free riding.” This means to leave it to others to punish exploiters, and to freeride on the punisher’s eﬀorts. This could, of course, be overcome by also punishing the
second-order free-riders. But this raises the possibility of third-order free riding, etc. Moreover, it has been shown by economic experiments that usually, the punishment of secondorder free riders is little used, and has only small eﬀects. There are two explanations for the
emergence of the human propensity to punish exploiters. One is based on reputation. It is
clear that if some individual is known to react aggressively against those who infringe norms
of solidarity, then one should think twice about free-riding in an interaction which involves
this individual. In this sense, it pays to broadcast one’s commitment to punish defectors.
Anger is loud.
Most economic experiments involving punishment in mutual aid games or related social interactions are conducted in terms of anonymity, and nevertheless show a widespread propensity
to punish norm-breakers. How can this be explained? A ﬁrst approach would suggest that we
are simply witnessing an example of mal-adaptive behaviour. For thousands of generations,
humans have lived in small groups, bands of hunter-gatherers or village-dwellers, where everyone had considerable knowledge of everyone else. We are simply not adapted to anonymity,
and this is likely to aﬀect our behaviour. Conscience has been famously described as “the
nagging feeling that someone might be watching.” We are back to reputational concerns:
people will talk.
Evolutionary game theory has also helped in developing another approach. Let us assume
that the participation in a joint enterprise, such as the mutual aid game, is not compulsory.
Players, then, have the possibility of non-participation: they do not contribute to the communal beneﬁt, and do not proﬁt from it. After all, the participation in a mutual aid game
(or “insurance game”) is a kind of speculation: it is beneﬁcial if most others contribute, but
not otherwise. Let us assume that such non-participants can obtain a payoﬀ on their own
(through some autarkic activity) which lies somewhere between the payoﬀ of a mutual aid
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game
In this case, there exist four strategies. Players can (a) participate, but not contribute (these
are the free riders); (b) participate, contribute, but not punish exploiters (these are the
second-order free riders); (c) participate, contribute and punish exploiters (these are the prosocial individuals); and (d) not participate at all (the loners). The payoﬀ for these strategies
depends on the composition of the population. The composition can change with time, depending on the payoﬀs; indeed, if we assume social learning, players will from time to time
switch to another strategy, with a propensity for adopting a strategy with a higher payoﬀ.
In this case, both theoretical analysis of the resulting stochastic process and computer simulations show that in the long run, the pro-social strategy prevails. Intriguingly, if we remove
strategy (d), i.e., if we assume that the game is compulsory, then the pro-social strategy will
not emerge. Instead, defectors will reign [24].
The same result occurs for many diﬀerent versions of the learning process or the strategic interaction. The option of abstaining from the game acts as a catalyst for pro-social behaviour.
So far, we have assumed that players engage themselves in sanctioning others. They take, in
a sense, the law into their own hands. In civilised society, however, it is usually a police-like
institution which is supposed to punish free riders. This can also be modelled by a simple
scenario. Again, it consists of two stages. But this time, players ﬁrst can contribute to a
punishment pool (the rudimentary form of a police station), and then, in the second stage,
they play the mutual aid game. All those who fail to contribute to the punishment pool or
to the Mutual Aid will be punished, with an intensity which is proportional to the content
of the punishment pool. This is called pool punishment, in contrast to the former peer punishment. In a sense, pool punishment is even more costly than peer punishment, because
players have to contribute to the pool even if no need for punishment arises. If all players
contribute to the Mutual Aid, there is no occasion to mete out sanctions. Nevertheless, the
police will have to be paid. Self-justice, by contrast, is only costly if it is actually used.
Again, evolutionary game theory shows that voluntary participation greatly promotes the
likelihood for the emergence of pool punishment [25].
Despite the fact that peer punishment is more eﬃcient than pool punishment, it is less stable. The reason seems to be that if everyone contributes to the Mutual Aid funds, it is not
possible to spot second-order defectors in the peer-punishment scenario. By contrast, those
who do not contribute to the punishment pool are just as easily spotted as those who do not
contribute to the Mutual Aid. This is very reminiscent of the theory of the social contract. In
fact, the very ﬁrst sentence of Jean Jacque Rousseau’s book says that “Man is born free, and
everywhere he is in chains.” This is often misquoted as “Man is born free, but everywhere
he is in chains,” as if there was an opposition between the two half-sentences. Evolutionary
game theory suggests that this is not the case. It is just because men are free that they can
commit themselves to mutual coercion, for mutual aid.
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The role of institutions as tools providing incentives for human cooperation has been studied
by many political, social and economic theorists. Such institutions (as long as they are not
corrupted) provide external forces to guide us to cooperation. They are a device which seems,
to a large extent, unique to the human species. But most of us would say, from introspection,
that they do not engage in solidarity and fairness solely in order to avoid punishment, or to
reap praise. They do it because they feel good about it: this is the proverbial “inner glow”
provided by virtuous actions. Virtue is, in this sense, another device to guide us to cooperate,
and very likely also unique, to a large extent, to the human species. Recent experiments have
shown that humans act more generously if they have less time to think [26]. Our virtue is
faster than our calculations. This calls to mind a bonmot by Talleyrand: “Never trust your
ﬁrst impulse: it is good.”
It could well be that institutions and virtues have evolved jointly, and even that our propensity for developing virtue is based on a biological evolution which has followed the cultural
evolution of sanctioning institutions. Humans display qualities such as obedience, and teachability. Moreover, we are particularly gifted at not only learning, but teaching. This can be
viewed as the outcome of self-domestication.
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Abstract
A proper understanding of divine agency allows us to aﬃrm that God is the cause of all that
happens in nature and that nature itself discloses self-organizing processes among living things.
God’s causality does not compete with the kind of causes which evolutionary biology discovers.

.

1. Introduction
The 2012 Euresis Symposium on evolutionary biology and human nature oﬀers an excellent
opportunity for discussion among theologians, philosophers, and scientists concerning the
ways in which diﬀerent disciplines contribute to our understanding of human nature. Such
an understanding, I think, needs to be located in a recognition that what we mean by nature
is prior to discussions of human nature. Furthermore, how we understand nature, in all
its diversity and dynamism, depends upon a clear grasp of nature as created, as dependent
upon God as cause. Can one maintain a robust sense of nature as a true source of dynamic
activity and also aﬃrm that nature is created by an omnipotent God whose constant causality
is necessary for the existence of all that is?

2. The self-suﬃciency of nature
Increasingly the natural sciences, especially biology, are used to support a kind of ”totalizing
naturalism” according to which the universe and the processes within it need no explanation
beyond the categories of the natural sciences.1 The French Dominican, Jean-Michel Mal1

“The great conﬂicts of the past between science and religion, ﬁrst over Copernicanism, and later over
Darwinism, have involved what have seemed to be insoluble conﬂicts between two competing explanations of
the same body of phenomena – the motions of the heavens and earth; the origin, distribution and development

91

Volume 4

Evolution and Divine Agency

Winter 2013

. . . . . . .summarizes
.....
damé,
well this view [2]:
La nature est comprise comme auto-créatrice, ce terme connotant que la notion classique
de création est devenue inutile. La Nature – et il convient d’écrire le mot avec un majuscule
– est autosuﬃsante pour produire non seulement ses eﬀets, mais pour se produire[...] La
notion de création disparaît dans cette perspective de la réﬂexion.

Or we might cite another French philosopher, Paul Clavier, who, in his recent two-volume
work Ex Nihilo, traces the relegation of the doctrine of creation to what he calls the ”cimetière
des hypothèses métaphysiques.”2
At a deeper philosophical level there is the claim that existence is a ”brute fact” which does
not call for any explanation beyond itself.3 The emergence of new things, or their going out
of existence, or other varieties of change, need to be explained, but not the mere existence
of that which undergoes change.4 The fundamental argument is that the natural sciences
are fully suﬃcient, at least in principle, to account for all that needs to be accounted for in
the universe. Whether we speak of explanations of the Big Bang itself (such as quantum
tunneling from nothing) or of some version of a multiverse hypothesis, or of self-organizing
principles in biological change (including, at times, appeals to randomness and chance as
ultimate explanations), the conclusion which seems inescapable to many is that there is no
need to appeal to a creator, that is, to any cause which is outside the natural order. Evolutionary biology, for example, seems to tell us that we can account for the existence, diversity
of, and order among living beings in terms of purely natural processes like genetic mutations
and natural selection. As Francisco Ayala has remarked5 [5]:
of living beings in relation to the history of the earth. I would suggest, however, that the issues presented by
contemporary life science are not of the same character as represented by these classic cases. In our present
context, a new level of conﬂict between theology and science is being generated not by any single issue or
theory – it can be argued that molecular biology is not even governed by a unifying idealizing theory – but by
the convergence of a wide range of inquiries – evolutionary biology, molecular genetics, reductive physiology,
naturalistic scientiﬁc cosmology, and cognitive neuroscience – in a totalizing naturalistic world view that
claims to give a comprehensive explanation of all aspects of existence.” [1]
2
”La thése de la création du monde se trouve, donc, le plus souvent, reléguée au cimetière des hypothèses
métaphysiques” [3]. In the face of signiﬁcant challenges to the fact of creation, Clavier describes his desire
”to rehabilitate the philosophical understanding of creation ex nihilo.”
3
Charles Taylor argues that a key feature of the ”secular age” is that we are living in an ”immanent frame”
which is the result of a sharp distinction between the natural and the supernatural, followed by the view
that we can live exclusively in the former, the natural. ”The sense of the immanent frame is that of living in
impersonal orders, cosmic, social, and ethical orders which can be fully explained in their own terms and do
not need to be conceived as dependent on anything outside, on the ’supernatural’ or the ’transcendent.’ ” [4]
4
Throughout this paper I leave aside questions such as the role of God as Unmoved Mover being a cause
of all motion and change. My concern is the metaphysical topic of God as cause of existence.
5
”[I]t was Darwin’s greatest achievement to show that the directive organization of living beings can be
explained as the result of a natural process, natural selection, without any need to resort to a creator or
other external agent... Darwin’s theory encountered opposition in religious circles, not so much because
he proposed the evolutionary origin of living things (which had been proposed many times before, even by
Christian theologians), but because his mechanism, natural selection, excluded God as accounting for the
obvious design of organisms... This is the conceptual revolution that Darwin completed –- that everything in
nature, including the origin of living organisms, can be explained by material processes governed by natural

92

Volume 4

Evolution and Divine Agency

Winter 2013

. . . .[I]t
. . . . .was
. . . Darwin’s greatest achievement to show that the directive organization of living
beings can be explained as the result of a natural process, natural selection, without any
need to resort to a creator or other external agent.

The role of a creator becomes superﬂuous; a creator represents, at best, an intellectual artifact from a less enlightened age. For many, the choice appears stark, either Darwin or God.
In contemporary biology, there have been important discussions about understanding living
things in terms of ”self-organization.” As mechanism is being replaced by appeals to dynamic,
intrinsic, organizing principles, the conclusion often reached is that changes in nature are exhaustively based on principles and entities in the natural world, and that there is no need for
any external or supernatural ”interference” to explain the change. Furthermore, for many
thinkers today there is no category beyond change and the speciﬁc behavior of individual
things that requires an explanation.
One sophisticated approach to understanding living systems in terms of self-organization is
the work of two Chilean scientists, Humberto Maturana and the late Francisco Varela. They
argue that living systems ought to be seen as self-contained unities whose only reference is to
themselves. These living systems are autonomous, self-referring, and self-constructing. Maturana and Varela coined the term autopoiesis6 to describe such living systems.7 For them,
everything about a living system can be reduced to its autopoiesis.8
From another angle, Stuart Kauﬀman, famous for his work on information systems and biocomplexity, argues that we are ”reinventing the sacred” as a result of a new view of science.
This new view involves a rejection of reductionism and an aﬃrmation of the emergent properties of a dynamic universe of ”ceaseless creativity.” As he observes [7],
Life has emerged in the universe without requiring special intervention from a Creator
God [...] All, I claim arose without a Creator God [...] Is not this view, a view based on
an expanded science, God enough? Is not nature itself creativity enough? What more do
we really need of God [...]?

The Harvard biologist, Richard Lewontin, famously warned that science must guard against
allowing a ”Divine Foot into the door [of explanations of nature]” . All truly scientiﬁc exlaws. This is nothing if not a fundamental vision that has forever changed how mankind perceives itself and
its place in the universe” [5].
6
Its Greek roots result in the word meaning ”self-creating” or ”self-producing.”
7
They think that they are able to describe any living thing as an ”autopoietic machine. ”An autopoietic
machine is a machine organized (deﬁned as a unity) as a network of processes of production that produces
the components which: (i) through their interactions and transformations continuously regenerate and realize
the network of processes (relations) that produced them; and (ii) constitute it (the machine) as a concrete
unity in the space in which they (the components) exist by specifying the topological domain of its realization
as such a network.” [6]
8
ibid., 88. This type of machine ”continuously generates and speciﬁes its own organization through its
operation as a system of production of its own components.”
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planations
– a methodology which must be rigorously protected and which, for many, involves a commitment to a metaphysical naturalism which is a modern form of materialism.9 The fear
of the ”Divine Foot” is based on a particular philosophical understanding (and ultimately,
I would argue, misunderstanding) of the Creator and of divine agency. For Lewontin, God
would be a competing cause in the world; the fear is that any causality one attributes to
God must, accordingly, be denied to creatures. The exact opposite is precisely the fear which
informs many who defend creation against evolution. In order to protect God from being
diminished or eliminated from our world, it seems easy to challenge those scientiﬁc claims
which appear to encroach upon the domain of divine agency. Both sides in this debate tend
to share similar assumptions. In either case, God and creatures are seen to be causes which,
although diﬀering signiﬁcantly in degree, fall within the same explanatory category.
Thus, to appeal to any role for divine agency, except perhaps for some initial creative act
which brings the universe into existence, seems to compromise the explanatory reach of science. But even this attempt to protect a complementarity between God and science fails the
test from the point of view of what creation has traditionally meant. Divine agency is not
limited to an initial event.
The extent to which biologists, when they speak about self-organization, move beyond the
domain of biology to make wide-ranging claims about ”self-creation” and that, accordingly,
there is no need to appeal to a source of existence of living things, is the extent to which
their claims are broadly metaphysical. An important feature of these philosophical claims –
that ”self-creation” and ”self-suﬃciency” evident in the natural order eliminate the need to
appeal to God – involves conceptions of God which, even if shared by believers, are not the
same as those found in traditional philosophy and theology.
It is true that we do not need an additional cause in nature, a kind of super-agent or ”intelligent designer,” to make up for the alleged incompleteness of scientiﬁc explanations. But still,
there is more that needs to be explained about the world than what falls within the domain
of science. That there is more to be explained does not mean that scientiﬁc explanations are
themselves incomplete. As Denys Turner notes [9]:
9

”[When science speaks to members of the general public] the problem is to get them to reject irrational
and supernatural explanations of the world, the demons that exist only in their imaginations, and to accept
a social intellectual apparatus, Science, as the only begetter of truth. . . . We take the side of science in
spite of the patent absurdity of some of its constructs, in spite of its failure to fulﬁll many of its extravagant
promises of health and life, in spite of the tolerance of the scientiﬁc community for unsubstantiated just-so
stories, because we have a prior commitment, a commitment to materialism. It is not that the methods and
institutions of science somehow compel us to accept a material explanation of the phenomenal world, but,
on the contrary, that we are forced by our a priori adherence to material causes to create an apparatus of
investigation and a set of concepts that produce material explanations, no matter how counter-intuitive, no
matter how mystifying to the uninitiated. Moreover, that materialism is absolute, for we cannot allow a
Divine Foot in the door.” [8]
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between a created and an uncreated world is no diﬀerence at all so far as it
concerns how you describe [the world] [...] That the world is created makes not the least
diﬀerence to how you do your science, or your history, or read your literatures; it does
not make that kind of particular diﬀerence to anything. The only diﬀerence it makes is
all the diﬀerence to everything.

3. Thomas Aquinas on creation and science
In this essay I will defend a Thomistic analysis of creation10 and the relative self-suﬃciency
of nature: to identify and describe the more that needs to be explained while also embracing
all that the natural sciences disclose – and without retreating to a less than omnipotent God,
as, for example, process theology does. It might seem strange to appeal to the thought of
Thomas Aquinas as being relevant in contemporary discussions about evolutionary biology
and divine agency. I think, however, that mediaeval discussions about creation (especially
the intelligibility of creatio ex nihilo), divine agency, and the autonomy of nature, and ultimately the very possibility of the natural sciences’ discovering real causes in nature, provide
a rich source of insights for us today.11 What Avicenna, Maimonides, and Thomas Aquinas,
for example, saw so clearly, that creation is an account of the existence of things, not of
changes in and among things, allows us to conclude that there is no contradiction between
creation, so understood, and any conclusion in the natural sciences.
In this essay my focus will be the contributions to understanding creation which Thomas
oﬀers as a philosopher: contributions which do not require insights based on Christian faith.
To speak of understanding creation separate from religious faith might seem strange, but
it was the genius of Thomas to distinguish between the philosophical and theological approaches to creation. Thomas was always alert to the importance of philosophy for theology.
His philosophical account of creation can appeal to both believers and non-believers, and it
is especially valuable for contemporary discussions about the relation between creation and
science. Thomas argues, contrary to the metaphysical claim that existence is a ”brute fact,”
that the various things that exist require a cause of their very existence and that ultimately
there must be an Uncaused Cause of all existing things12 .
The natural sciences have as their domain the world of changing things. Whether the changes
so described are biological or cosmological, without beginning or end – or temporally ﬁnite,
they remain processes. As Thomas remarks in his treatise, De substantiis separatis, c.9:
10

Throughout this essay, when I use the word ”creation,” I refer to the act by which God causes things to
be, not the result of that act.
11
For previous analyses of mine on this topic, see Ref. [10].
12
I am not oﬀering here the details of the argument Thomas sets forth in defense of this position. I only
wish to point out the general structure of the argument – and that it is a philosophical argument, not one
dependent upon faith. For an account of Thomas on creation, see [11]).
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. . . .Over
. . . . . . .and
. above the mode of becoming by which something comes to be through change or
motion, there must be a mode of becoming or origin of things without any mutation or
motion, through the inﬂux of being.

Thomas often says that creation is not a change [12]:
Creation is not a change, but the very dependency of the created act of being upon the
principle from which it is produced [...] [C]reation appears to be a kind of change from the
point of view of our way of understanding only, namely, in that our intellect grasps one
and the same thing as not existing before and as existing afterwards.

God does not change ”nothing” into something; rather, anything left completely to itself
would not exist at all.
All that is, in whatever way or ways it is, depends upon God as cause. Although we often
use the verb ”to create” to refer to human productions of art, literature, and the like, such
human acts really are changes since they all begin with or work from existing things. God’s
creative act is radically diﬀerent; it presupposes nothing other than God’s power. To create,
in its fundamental sense as predicated of God, is a topic for metaphysics and theology, not
for natural philosophy, nor for the individual empirical sciences (such as cosmology and biology). Furthermore, for Thomas, creation is not primarily some distant event; rather, it is the
on-going complete causing of the existence of all that is. Thomas distinguishes between the
beginning of the universe and the origin of the universe. In faith, he believes that the universe
is temporally ﬁnite; as a matter of reason he thinks that he can demonstrate that the universe
has an origin, i.e., that it is caused to be.13 Thus, Thomas thinks that even if the universe
were eternal (which he does not believe to be the case) it still would be created. Although he
thinks that he can demonstrate that God causes the universe to exist, he does not think that
he can know by reason alone whether or not the universe began to be. An eternal universe,
or a universe with a temporal beginning, or a universe rich in evolutionary processes, for that
matter, refers to the kind of universe we have, not whether or not it is created, at least not
in the metaphysical sense of being dependent upon God as cause. Thomas, of course, would
admit that the fuller theological sense of creation includes the biblical revelation that time
and the universe are not eternal.14

4. The concept of cause
As is apparent, the analysis of divine causality I have begun to sketch is a complex topic
in metaphysics. Contemporary discussions of causality, whether divine or that of creatures,
13

”Not only does faith hold that there is creation; reason also demonstrates it.” In II Sent., dist 1., q. 1, a.

2.
14

In this respect, Thomas accepts the dogmatic deﬁnition of creation of the Fourth Lateran Council (1215)
which does aﬃrm a temporal beginning to the world.
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tend
from impoverished notions of cause, at least in comparison with analyses in
the Middle Ages. When Thomas speaks of causality, whether it be that exercised by God
or by creatures, he employs a diﬀerent and much richer sense of the term than we tend to
use today. He recognizes, for example, that ”cause” is an analogical term and thus takes on
various and diverse senses depending on the context in which it is discussed and that of which
it is predicated. Mediaeval discussions of causality often distinguished between universal and
particular causes, actual and potential causes, and essential and accidental causes, as well
as, more generally, Aristotle’s material, eﬃcient, formal, and ﬁnal causes.
Whereas contemporary thinkers have come to view causality in terms of a kind of ”necessary
consequentiality” between events, Thomas understood causality in terms of metaphysical
dependence.15 As part of the philosophy of nature connected to the rise of modern science
in the seventeenth century, two of the four causes of Aristotelian science, the ﬁnal and the
formal, were considered irrelevant. Furthermore, to the extent that the natural sciences came
to be seen as depending exclusively on the language of mathematics, only that which was
measurable would fall within their explanatory domains.16 Even the notion of agent or efﬁcient causality underwent a profound change from the Aristotelian sense. It came to be
conceived ”exclusively in terms of the force or energy that moved the fundamental parts of
the universe” [15]. In the eighteenth century, David Hume called into question even this
narrow idea of eﬃcient causality. Since the supposed inﬂuence of a cause upon its eﬀect was
not directly evident to sense observation, Hume concluded that the connection between cause
and eﬀect was not a feature of the real world, but only a habit of our thinking as we become accustomed to see one thing constantly conjoined to another. One important result of
Hume’s analysis is to come to think of causality not as a property of things but of thought [15];
[causality is] no longer an ontological reality in the world outside ourselves, but an epistemological property of the way we think about the world. [Thus,] [...] the hallmark of
causality [is to be] [...] found in the epistemological category of predictability rather than
the ontological category of dependence.

To see causality in an epistemological category of predictability results in thinking, among
other things, that temporal sequence is an essential feature of the relationship between cause
15

Referring to the famous Liber de causis, Cristina D’Ancona observes: ”Il titolo di questo libro richiama una
nozione, ’causa,’ che suggerisce al lettore contemporaneo contenuti concettuali per qualche aspetto sostanzialmente diversi da quelli che evocava nel lettore medievale. Difatti per i contemporanei il termine ’causa’ indica
per lo più la sola idea di consequenzialità necessaria... Per il lettore medievale, invece, accanto all’idea di
una connessione di fatto, il concetto di ’causa’ trasmette quella di un ordinamento metaﬁsico. ... La causa,
in questo modo, è superiore all’eﬀetto; e poiché è principio della sua sussistenza in essere, è principio anche
della sua intelligibilità” [13].
16
Mario Bunge points out the important role that empirical science has played in this shift in our understanding of causality: ”The Aristotelian teaching of causes lasted in the oﬃcial Western culture until the
Renaissance. When modern science was born, formal and ﬁnal causes were left aside as standing beyond
the reach of experiment; and material causes were taken for granted in connection with all natural happenings... Hence, of the four Aristotelian causes only the eﬃcient cause was regarded as worthy of scientiﬁc
research.” [14]
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. . . .eﬀect.
. . . . . . . . For Thomas, however, the fundamental relationship between cause and eﬀect is
and
one of dependence, not temporal sequence. Thus, for example, he can speak of the intelligibility of an eternal eﬀect to which a cause is prior, but not in the sense of temporal priority.
He also can defend the idea of simultaneity between cause and eﬀect; such a view is only
possible once one leaves behind any necessary connection between temporal sequence and
causality.17
For many today, only explanations in terms of material constituent parts and of changes in
and among these parts are considered to be scientiﬁc. Reductionist conceptions of nature
have resulted, for example, in form’s being an eﬀect rather than a cause. Yet, however successful contemporary science has been in enhancing our understanding of the world, there
remains the lingering suspicion that its reductionist paradigms can provide only a partial
view of the whole of natural entities.
A result of the failure to grasp the analogical sense of cause, in particular of agent or eﬃcient
cause, and to think of agency in terms of a physical force, is that divine causality, too, comes
to be seen in such terms. As Philip Clayton has observed:“The present-day crisis in the notion
of divine action has resulted as much as anything from a shift in the notion of causality” [16]
To conceive God’s causality in terms of a force or a burst of energy is to make God a kind
of competing cause in the world, or, perhaps better put, just one more cause in the world,
although considerably more powerful than any other. Thus, for example, to view the world
as functioning in terms of an ordered regularity of mechanical causes seems to mean that
there is no room for any kind of special divine action.18 God’s action, then, would mean a
breaking of the causal nexus in nature.

5. Causes in nature
We can broaden this analysis of creation to speak of how Thomas defends both a robust
notion of divine agency and the autonomy of natural causes. Creatures are what they are
(including those which are free), precisely because God is present to them as cause. Were
God to withdraw, all that exists would cease to be. Creaturely agency and the integrity of
nature, in general, are guaranteed by God’s creative causality. Here is how Thomas expresses
this view in the Summa theologiae [18]:
17
18

If God is the cause of time we cannot say that He is temporally prior to time.
For further discussion of this theme, see [17]
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. . . .Some
. . . . . . . .have understood God to work in every agent in such a way that no created power
has any eﬀect in things, but that God alone is the ultimate cause of everything wrought;
for instance, that it is not ﬁre that gives heat, but God in the ﬁre, and so forth. But this is
impossible. First, because the order of cause and eﬀect would be taken away from created
things, and this would imply lack of power in the Creator, for it is due to the power of the
cause, that it bestows active power on its eﬀect. Secondly, because the active powers which
are seen to exist in things, would be bestowed on things to no purpose, if these wrought
nothing through them. Indeed, all things created would seem, in a way, to be purposeless,
if they lacked an operation proper to them, since the purpose of everything is its operation
[...] We must therefore understand that God works in things in such a manner that things
have their proper operation [...]

God is so powerful that His causal agency also produces the modality of its eﬀect: the eﬀect
is assimilated to God’s will in every way so that not only what happens occurs because God
wills it to happen, but it happens ”in that way which God wills it to happen” [19]. God’s will
transcends and constitutes the whole hierarchy of created causes, both causes which always
and necessarily produce their eﬀects and causes which at times fail to produce their eﬀects.19
For Thomas, the crucial question was – given that God creates – what can we say about the
competence of the natural sciences. Often today the question is – given the competence of
the natural sciences – what can we say about God as Creator. The two approaches concern
fundamentally the same topic.
God’s causation does not compete with the causation of creatures, but rather supports and
grounds it.20 Since it is characteristic of natural causes precisely to be causes, God’s causal
determination of them is not such as to deny their proper autonomy.21
19

”God’s will is to be thought of as existing outside the realm of existents, as a cause from which pours
forth everything that exists in all its variant forms. Now what can be and must be are variants of being, so
that it is from God’s will itself that things derive whether they must be or may not be and the distinction
of the two according to the nature of their immediate causes. For He prepares causes that must be for those
eﬀects that He wills must be, and causes that might cause but might fail to cause for those eﬀects that He
wills might or might not be. And it is because of the nature of these causes that these eﬀects are said to
be eﬀects that must be and those eﬀects that need not be, although all depend upon God’s will as primary
cause, a cause which transcends the distinction between must and might not. But the same cannot be said
of human will or any other cause, since every other cause exists within the realm of must and might not. So
of every other cause it must be said either that it can fail to cause, or that its eﬀect must be and cannot not
be; God’s will however cannot fail, and yet not all His eﬀects must be, but some can be or not be” [20].
20
Harm Goris notes that the distinction between divine causality and creaturely causality is based on the
distinction between divine being and creaturely being: ”Aquinas distinguishes the being of the Creator from
the being of the creature not in terms of necessary being versus contingent being but more radically in terms
of being versus non-being, while God causes the either necessary or contingent being of the creature. Likewise
divine causation diﬀers from creaturely causation as being diﬀers from non-being. Without God’s causation
there is no creaturely causation at all.” [21]
21
God does not need a metaphysical indeterminacy in nature so that His actions would not collide, so to
speak, with other causes. In discussing how the human will is free to choose, and yet caused to be so by
God, Thomas notes that the autonomy of the will does not require that it be the ”ﬁrst cause” of its activity:
”Not every principle is a ﬁrst principle... [A]lthough it is essential to the voluntary act that its principle be
within the agent, nevertheless it is not contrary to the nature of a voluntary act that this principle be caused
or moved by an extrinsic principle: because it is not essential to the voluntary act that its intrinsic principle
be a ﬁrst principle.” Summa theologiae I-II, q. 6, a. 1, ad 1. ”If the Thomist solution to the reconcilability
of ﬁnite free action and divine causal power is to work . . . God cannot be inserted into the world’s causal
chains, the divine causal inﬂuence, as ex nihilo, cannot and must not be thought of as univocal with other
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The problem which those who defend a self-suﬃciency in nature and its processes see is that
any appeal to a cause outside of nature is either superﬂuous or contradictory to the very
claim that nature is the domain of self-organizing activities. Thomas helps us to see that the
dichotomy, either nature or God, is a false dichotomy. If we ask, for example, why wood is
heated in the presence of ﬁre, we can explain the phenomenon in terms of the characteristics
of both wood and ﬁre. Thomas remarks that if a person answers the question of why the
wood is heated by saying that God wills it, the person “answers appropriately, provided he
intends to take the question back to a ﬁrst cause; but not appropriately, if he means to
exclude all other causes.”22 For Thomas, there is no question that there are real causes in the
natural order : “if eﬀects are not produced by the action of created things, but only by the
action of God, it is impossible for the power of any created cause to be manifested through
its eﬀects.” If no created things really produced eﬀects, then “no nature of anything would
ever be known through its eﬀect, and thus all the knowledge of natural science is taken away
from us.” 23 Thomas thinks that to defend the fact that creatures are real causes, far from
challenging divine omnipotence, is a powerful argument for divine omnipotence. As he says,
to deny the power of creatures to be the causes of things is to detract from the perfection of
creatures and, thus, “to detract from the perfection of divine power”.
God, as the cause of each creature’s existence, is present at the very center of each creature’s
being.24 He is more interior to things than they are to themselves: not as an intrinsic principle entering into their constitution, but as the abiding cause of their existence.25 Simon
Tugwell aptly puts it [23]: “The fact that things exist and act in their own right is the most
telling indication that God is existing and acting in them.”26
Thomas shows us how to distinguish between the being or existence of creatures and the
operations they perform. God causes creatures to exist in such a way that they are the real
causes of their own operations. For Thomas, God is at work in every operation of nature, but
causes. As in all other things, God is not to be conceived of as a ‘cause’ in the categorical sense; He does
not belong to any categories precisely because He is the ‘cause’ of them all” [22]. In the Summa theologiae,
Thomas writes: ”God is the ﬁrst cause of both natural causes and voluntary agents. And just as His moving
natural causes does not prevent their acts from being natural, so also His moving voluntary agents does not
prevent them from acting voluntarily, but rather makes it be just that, for He works in each according to its
nature.” Summa theologiae I, q. 83, a. 1, ad 3. Indeed, ”every movement either of will or of nature proceeds
from God as the First Mover.” ibid., ad 3. What is crucial for Thomas, however, is that we recognize that
both natural and voluntary movements proceed from an intrinsic principle, but that need not, indeed cannot,
be the truly ﬁrst principle of action.
22
Summa contra Gentiles III, c. 94.
23
Summa contra Gentiles III, c. 69.
24
In I Sent., 8, 1, ad 1.
25
In I Sent., 37, 1, 1 ad 1. Thomas draws an analogy from the sun. Just as the air is lighted as long as
it is illuminated by the sun, and falls into darkness when the sun does not shine at night, so creatures are
caused to be by the creative diﬀusion of God’s goodness. If God were to withdraw His presence all creatures
would fall into non-being. See: Summa theologiae I, q. 104, a. 1.
26
God ”is neither the matter nor the form of anything. Indeed, He is in all things in the fashion of an
agent cause.” Summa contra Gentiles III, c. 68. 11.
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of nature is not an indication of some reduction in God’s power or activity;
rather, it is an indication of His goodness. It is important to recognize that, for Thomas,
divine causality and creaturely causality function at fundamentally diﬀerent levels. In the
Summa contra Gentiles, Thomas remarks that27
the same eﬀect is not attributed to a natural cause and to divine power in such a way that
it is partly done by God, and partly by the natural agent; rather, it is wholly done by both,
according to a diﬀerent way, just as the same eﬀect is wholly attributed to the instrument
and also wholly to the principal agent.

It is not the case of partial or co-causes with each contributing a separate element to produce
the eﬀect.28 . God, as Creator, transcends the order of created causes in such a way that
He is their enabling origin. For Thomas “the diﬀering metaphysical levels of primary and
secondary causation require us to say that any created eﬀect comes totally and immediately
from God as the transcendent primary cause and totally and immediately from the creature
as secondary cause’ [24].29 In response to the objection that it is superﬂuous for eﬀects to ﬂow
from natural causes since they could just as well be directly caused by God alone, Thomas
writes that the existence of real causes in nature is not the result of the inadequacy of divine
power, but of the immensity of God’s goodness.
God does not only give being to things when they ﬁrst begin to exist, He also causes being
in them so long as they exist. He not only causes the operative powers to exist in things
when these things come into being, He always causes these powers in things.30 Thus, if God’s
creative act were to cease, every operation would cease; every operation of a thing has God
as its ultimate cause. As we have seen, Thomas does not think that an aﬃrmation of divine
omnipotence eliminates the real role of created causes. The self-suﬃciency of nature, the
dynamism of natural processes which science discovers, does not mean that God is superﬂuous
since He is the cause of nature itself, but He is a cause in such a way that nature has its own
integrity, its own self-organizing principles.
27

Summa contra Gentiles III, c. 70, 8.
”God and creatures are not two causes collaborating on the same level to produce a joint eﬀect. God
causes on the transcendental level and He thereby constitutes the creatures’ causation on the categorical
level” [21]
29
Brian Shanley argues that no real explanation of exactly how God’s causality functions is possible, since
God transcends the mundane world of causation [24]. David Burrell observes that the ”terms ‘primary’ and
‘secondary’ [causality] come into play when we are faced with the situation where one thing is by virtue of the
other. So each can properly be said to be a cause, yet what makes one secondary is the intrinsic dependence
on the one which is primary. This stipulation clearly distinguishes a secondary cause from an instrument,
which is not a cause in its own right: it is not the hammer which drives the nails but the carpenter using
it.” [25]
30
Summa contra Gentiles III, c. 67.
28
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6.. . .Transcendence
The source of most of the diﬃculties in grasping an adequate understanding of the relationship between the created order and God is the failure to understand divine transcendence. It
is God’s very transcendence, a transcendence beyond any contrast with immanence, which
enables God to be intimately present in the world as cause. God is not transcendent in such
a way that He is ”outside” or ”above” or ”beyond” the world. God is not diﬀerent from
creatures in the way in which creatures diﬀer from one another. We might say that God
”diﬀers diﬀerently” from the created order.31 Rudi te Velde puts it this way : “God operates
immanently in nature in such a way that He sets nature, so to speak, free in its own operation [...] Thomas [sees] [...] God as a cause which by its transcending immanence constitutes
the causality of nature in its own order” [28]. God causes, but in a sense of causality, an
analogical sense, immeasurably diﬀerent from the way other causes operate.
If we follow Thomas’ lead, we can see that there is no need to choose between a robust view
of creation as the constant exercise of divine omnipotence and the causes disclosed by the
natural sciences. Some authors, like Telmo Pievani [29], point to the radical contingency of
evolutionary history as being inconsistent with any notion of divine providence. But providence – a divine plan – does not require a deterministic understanding of nature. We ought
not to conceive of God’s agency as being in the same category that we recognize for creatures.
The contingency of particular events is not inconsistent with the overarching agency of God.
There is a temptation for some theists to think that God must withdraw, so to speak, to
allow or to permit nature to take its own course. On the contrary, God causes nature to take
its own course; He causes that course to be the course which it is. Whatever chance and
contingent events occur in nature have God as their cause, precisely as chance and contingent
events. Thomas observes: ”[W]e must say that everything is subject to divine providence,
not only in general but also in particular[...] The causality of God, who is ﬁrst agent, is
extended in such a way as to include every entity”.32 Understanding how this is so, requires
a ﬁrm grasp of what it means for God to be transcendent and to be a cause. No matter
how random one thinks evolutionary change is; no matter how much one thinks that natural
selection is the master mechanism of change in the world of living things; the role of God as
Creator, as continuing cause of the whole reality of all that is, is not challenged. We need
to remember Thomas’ fundamental point that creation is not a change, and thus there is no
possibility of conﬂict between the explanatory domain of the natural sciences – the world of
change – and that of creation.
31
Kathryn Tanner, who has written persuasively on this subject, observes: ”This non-competitive relation
between creatures and God is possible, it seems, only if God is the fecund provider of all that the creature is
in itself... This relationship of total giver to total gift is possible, in turn, only if God and creatures are on
diﬀerent levels of being, and diﬀerent planes of causality.” [26]. For an excellent discussion of the transition
between a Thomistic understanding of divine transcendence and a modern sense, especially beginning with
Suarez, see [27].
32
Summa theologiae I, q. 22, a. 2.
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7.. . .Conclusion
The complete dependence of all that is on God does not challenge an appropriate autonomy
of natural causation; God is not a competing cause in a world of other causes. In fact, God’s
causality is such that he causes creatures to be the kind of causal agents which they are. In
an important sense, there would be no autonomy to the natural order were God not causing
it to be so. Although certain conceptions of God as designer are challenged by developments
in contemporary science, the traditional understanding of God as Creator need not be abandoned in order to embrace an evolving universe in which real novelty and contingency are
characteristic features of nature. For Thomas, the natural sciences, philosophy, and theology
discover complementary, not competing, truths about nature, human nature, and God. The
account he oﬀers of divine agency and the autonomy and integrity of nature is not merely
an artifact from the past, but an enduring legacy.
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Abstract
We all have a personal theory of language. Virtually every epoch and culture formulated a major
theory about the nature of language. Nevertheless, the history of the reﬂections on language does not
proceed in a linear fashion. There are many theories of language: some pertinent, others debunked,
others still are recurrent. But we often do not realize that, and for language, as well as for the sky,
each of us builds his favorite constellation.

.

1. Like a starry night: at which point are we in understanding language?
We all have a personal theory of language. It is not as in physics or chemistry where a
certain reverential fear for the nature of observable phenomena holds us from formulating
explanations. With language things work diﬀerently; maybe for the simple fact that we
all speak, perhaps for the abundance of data, the fact is that we feel entitled to have an
“explanation” of this phenomenon. This state of aﬀairs regards not only us as individuals,
but the entire cultural path of our civilization throughout the centuries. The result is an
unique overabundance of conceptions in the entire history of thought: virtually every epoch
and culture formulated a major theory about the nature of language, to the point that by
following its development we gain access to the “spirit of the time,” as if it was a Homeric
question on the history of man. We are indeed before a very special situation.
Nevertheless, the history of the reﬂections on language does not proceed in a linear fashion.
And to contemplate it is somehow similar to looking at a starry sky, where the stars we see
are the opinions which characterize the reﬂections on this dominion. The resulting eﬀect is
similar as well. When we look at a starry sky we cannot avoid establishing patterns among
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his own constellations, some of them obvious, others hard to grasp. But the night sky has
still another particularity. We know, in fact, that not every star we see is still necessarily
active: the light that arrives to us is ancient, and could have been traveling while the star
has already died. The sky is therefore similar to a museum of natural history and a zoo at
the same time: side by side with living animals we see the signs of those who have already
gone.
Our constellations, therefore, are not only fundamentally arbitrary, but are also partial mirages, made up of ghosts of stars. The very same is true for theories about language. There
are many such theories: some pertinent, others debunked, others still are recurrent. But we
often do not realise that, and for language, as well as for the sky, each of us builds his favorite
constellation. Obviously, as for the traveler, not all constellations are useful to planning a
route: only the test of reality can verify the hypothesis (and hopes).

2. The “stem mind”: which are the premises to understanding the
relation between language and brain?
That language depends on the brain is not at all an obvious thing. It is enough to think
that Aristotle maintained that the brain was some form of radiator of the body, whereas the
cognitive faculties such as passion, memory and language dwelt in the heart. The history of
the relation between language and the brain is long and choral, and by no means concluded:
on the contrary, it is only now that we start to glimpse, not the answers, but the right
questions for which to search for an answer. In this blind path, once understood that the
brain is the organ controlling language, a ﬁrst fundamental result came in the second half
of the XIX Century. Paul Brocca, basing himself on the results of an autopsy in a patient
presenting a selective language disorder, was able to associate a precise part of the brain to
a linguistic capability [1]. The road to neurolinguistics has, from then on, proceeded at a
large pace, with new techniques and models [2]. But to understand the surprising results of
modern research it is necessary to recognize a second fundamental step in this path. This
came about in the 50‘s, when Noam Chomsky, concentrating on the capacity of composing
words to form phrases (the syntax), discovered the fundamental mathematical properties of
human language [3].
The complexity of these synthatic properties and their invariance among world languages lead
to the hypothesis that they should be biologically determined, and not a result of arbitrary
cultural choices and conventions. The spontaneous learning of language by young children
could thus be explained in a revolutionary way as a kind of selective development, instead
of a constructive one. In other words, the child is born with a so to speak “stem mind”
which contains all possible grammars. His brain, reacting on the basis of experience, selects
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mother tongue during a limited period of its hormonal development. The system of rules
admits a small number of degrees of freedom: the macroscopic diﬀerences among languages
are thus reducible to the eﬀect of microscopic diﬀerences in a highly complex system such as
the human language [4].
Today the new challenge isn’t anymore understanding that human language depends on a
selective brain network, but rather to know if the properties of the code that constitutes it are
conditioned on these circuits or instead are arbitrary, being able to assume any conventional
form. A ﬁrst attempt to an answer was obtained by verifying the reactions of the brain to
certain synthatic rules that contradict the mathematical properties which are a common base
to all human language. The process was divided in two phases: ﬁrst, to understand which are
the fundamental properties of these rules; and then to ascertain if and how these properties
got expressed on a selective way in the brain.

3. The inﬁnity present: what are the fundamental properties of
human language in comparison to that of other animals?
Do animals speak? Certainly all animals communicate in some way. If by communication
we mean exchanging information, even the poppies communicate. The right question then
is not if animals communicate, but if they do so using codes which are similar to ours in
structure. And in this sense it seems they don’t. In support to the intuitions we might have
on the nature of the human code, are observations that go back in an explicit and systematic
way as far as Descartes, who pointed out that the capacity to produce sequences of words
was an entirely and exclusive human one [5]. This is the very ﬁrst property of this code: that
given three words, such as “Cain”, “Abel” and “killed” an Englishman can form two phrases
of completely diﬀerent meanings: “Cain killed Abel” and “Abel killed Cain.” This capacity
(namely syntax) is therefore the ﬁrst watershed between human beings at one side and all
other living beings at the other [6] – basing ourselves on a properly chosen sample, of course.
In the 70‘s, with a very elegant experiment, it was shown that the chimpanzee, so similar
to us in so many aspects, were able to learn a considerable number of words (circa 130) but
they could not use the sequence of words to compose diﬀerent meanings. In general, if the
animals use sequences of signals, these sequences are either ﬁxed and non-expandable or do
not change meaning when shuﬄed [7]. That is to say: human beings have dictionaries of
words, but the animals, at most of phrases.
But which are the common properties to all (and solely) human languages? There are at least
three fundamental ones. This ﬁrst property – in a certain sense a premise – is that syntax is
made out of a combination of discrete elements (the words); that is, small and self-contained
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quantity of information. There are then two properties related to the combination of words, the syntax in itself [8]. Let’s look at them by means of a few simple examples.
When we form a phrase, we know that the words enter in relation to each other in a selective
way. For example, if I say “John runs”, I recognize that the verb and the noun are both in
the singular. The phrase “John run” would be wrong. But the sequence “John run” can be
made perfectly acceptable if the word “John” is preceded by other, appropriate words, such
as “the friends of” in “The friends of John run.” In this case, the verb ignores, so to speak,
the name that precedes it and agrees with the name that is farther from it. This “distance
relationship” can of course be extended at will, given the limits of memory and physical
energy available. It suﬃces to think of a phrase such as “The friends that my sister said the
magician thinks are relatives of John run.” Therefore, a ﬁrst property of syntax is action at
a distance between two words, without limits on the number of words that separate them.
And this property tells also that the linear order of the words don’t really count.
The second property consists on the fact that in between two words which enter in a certain
relation there can be other that come to be part of the same relation they share. If we
take for example two words such as “if” and “then”, we can say “If John runs then he has
fun;” but we could also say “If Francis thinks that if John runs then he has fun then he is
relaxed.” The phrase sounds complicated but certainly illustrates well this second capacity
of having a dependence between words, which are, so to speak, “nested.” Nesting can also
repeat itself indeﬁnitely, if limits external to the syntax do not halt it. And also this property is independent of the linear order: the nested structure is a typical hierarchical structure.
It is clear that relation at a distance and nesting do not exhaust all the properties of language
– which is a universe in itself, like the world of physics – but they allow us to grasp in a
rigorous way the intuition that human language consists of an “inﬁnite use of ﬁnite means”
(to use the famous words of Wilhelm von Humboldt). Going back to the question if animals
speak, it comes at hand to paraphrase a famous answer given by Alan Turing after being
asked if computers think: if you extend the concept of language in order to include all animals, then even the poppies chat between them.

4. The boundaries of Babel and the ﬂesh: where do syntax rules
come from?
The term syntax is very old: it was certainly used in a systematic way already at the time of
Alexander, when many of the notions of grammar which have been thought at the ﬁrst years
of school since two millennia were ﬁrst coined. Taking for granted that language depends on
brain activity, the question is whether the rules and elements we call syntax are eﬀectively
represented as such in the brain, or are they rather an arbitrary taxonomy to describe lin-
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does digestion work without being able to see what is inside the abdomen.
Even if much data in favour of the biological hypothesis had origin already in medicine,
the decisive turn came with the application of neuroimaging techniques. These are able to
explore brain activity by measuring the blood ﬂux, and allowed us to go beyond research
based solely on clinical data and autopsy. It goes without saying that these machines, like
any other, have limits: for example, it is very diﬃcult to isolate a speciﬁc activity, given
that the brain is always all active. Moreover, syntax is not even in a linguistic point of view
an isolated phenomena: it is accompanied, by deﬁnition, by all the other mechanisms of
language, starting from semantics.
A ﬁrst experiment in favour of the hypothesis that there exists a dedicated neuronal activity
which corresponds to the syntax was envisaged by constructing a number of kinds of errors
(including syntactic ones) in a language without any semantic reference [9]. It was veriﬁed,
for example, that when a person reads a phrase with words such as “the glock gums the
brails”, if we compare the brain reaction to errors regarding syntax (e.g., “the glock gum the
brails”) with that to errors that violate syntax (e.g., “glock the gums brails the”), it is seen
that the brain activates diﬀerent regions, evidencing the existence of a speciﬁc network for
syntax.
But using the neuroimaging technique we arrived also at giving strong proof of an still greater
hypothesis: that the brain recognises as linguistically acceptable only a few of all the possible
envisaged syntactic rules, and these are those speciﬁcally based in the hierarchical order, as
opposed to the linear order [10]. The idea is simple: one constructs “impossible” rules (that
is, based on linear principles) and sees how the brain reacts when using them. The result,
repeated in multiple experiments, is that the brain sorts – so to speak – the diﬀerent types
of rules: the hierarchical ones activate the circuitry typical of the language, whereas those
based in the linear order do not [11, 12]. The latter usually activate the circuits typical for
the solution of problems of a non-linguistic nature [13].
Therefore, despite the appearances, the boundaries of Babel actually exist and are deﬁned in
our ﬂesh; actually, they are direct expression of it. The properties singled out in the syntax
of human languages are neither fruit of convention nor arbitrary. Appearance, in fact, is
never a good counselor in science.
The felling is that as we progress on the research about the nature of human language, the
questions never decrease. It is a bit like Achilles and the turtle. But we should be optimistic:
altogether, based on much data, we can arrive at, if not grabbing our turtle, at least to
looking it in the eye.
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Abstract
One of the most deep-rooted interests of our conscious life, i.e. of our experience, is to know whether
we are “unique” in ourselves and perhaps for someone else in particular; but paradoxically this claim
is often considered a simple illusion or a mere construction. In both cases it is nevertheless true
that “uniqueness” is something we desire; we desire to be truly ourselves, to fulﬁl our personality,
to leave our personal trace in the world, to understand clearly the reason why we were born, to be
loved (for our own sake). In other words, the desire for uniqueness coincides with the desire for
freedom.

.

1. Introduction
One of the most deep-rooted interests of our conscious life, i.e. of our experience, is to know
whether we are “unique” in ourselves and perhaps for someone else in particular; but paradoxically this claim is often considered a simple illusion or a mere construction.
In both cases it is nevertheless true that “uniqueness” is something we desire; we desire to be
truly ourselves, to fulﬁl our personality, to leave our personal trace in the world, to understand clearly the reason why we were born, to be loved (for our own sake). In other words,
the desire for uniqueness coincides with the desire for freedom.
The most interesting point is not taking this desire for granted, but focusing on its nature. I
think this is the way to discuss and verify the legitimacy of the two above mentioned interpretations of the speciﬁcity of human nature.
Let us a) start from the explanation of the paradigmatic philosophical positions which underline these common perspectives; b) and then return to the phenomenon of the “desire for
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uniqueness,”
the data of our ordinary experience and posing again the question
of whether there is indeed something “uniquely” human.

2. The two (or three) paradigms
In the history of modern philosophy, we can isolate two models for interpreting the uniqueness of human nature; let us call them the illusion model and the construction model. To use
proper names, this is the alternative between Spinoza and Kant. The ﬁrst claims that our
individuality is only a ﬁnite, necessary mode of the great power of a mechanical Nature, and
contends that the uniqueness of human nature is only an eﬀect of ignorance. The second
claims that our individuality consists of the great power of human reason, whose task is the
cultivation of moral freedom.
In the ﬁrst case, human nature cannot ever exist as a purpose in itself; in the second case,
the human being cannot be the purpose of Nature, however, it must be such a purpose in
a supernatural world. What is interesting here is that in both positions the uniqueness of
human nature is never actually “given.”
2.1 The illusion model
To explain Spinoza’s position – according to which human nature cannot exist as a purpose
in itself because “all ﬁnal causes are nothing but human ﬁctions” – let me quote a famous
passage from the Ethics. Spinoza is arguing with “theologians” and “metaphysicians” who
claim that things are created by God for a special purpose [1]:
[...] for example, if a stone falls from the roof on somebody’s head and kills him, by this
method of arguing they will prove that the stone fell in order to kill the man; for if it
had not fallen for this purpose by the will of God, how could so many circumstances (and
there are often many coinciding circumstances) have chanced to concur? Perhaps you
will reply that the event occurred because the wind was blowing and the man was walking
that way. But, they will persist in asking why the wind blew at that time and why the
man was walking that way at that very time? If you again reply that the wind prang up at
that time because on the previous day the sea had begun to toss after a period of calm and
that the man had been invited by a friend, they will again persist – for there is no end in
questions – “But why did the sea toss, and why was the man invited for that time?” And
so they will go on and on asking the causes of causes, until you take refuge in the will of
God – that is, the sanctuary of ignorance. Similarly, when they consider the structure of
the human body, they are astonished, and being ignorant of the causes of such skilful work
they conclude that it is fashioned not by mechanical art but by divine or supernatural art,
and is so arranged that no one part shall injure another.
As a result, he who seeks the true causes of miracles and is eager to understand the works
of Nature as a scholar, and not just to gape at them like a fool, is universally considered
an impious heretic and denounced by those to whom the common people bow down as
interpreters of Nature and the gods. For these people know that the dispelling of ignorance
would entail the disappearance of that astonishment, which is the one and only support
for their argument and for safeguarding their authority.
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assuming that uniqueness means necessity. Nature is the unique and absolute substance, i.e.
it is God to the extent that God is the geometrical order of causes. It is remarkable here
that for Spinoza, a ﬁnite being must be conceived, not for its contingency (that is, for the
fact that it actually exists, but could also not exist), but instead it must be conceived only
as something “limited by another thing of the same nature” [1]:
A thing is called ﬁnite after its kind, when it can be limited by another thing of the same
nature; for instance, a body is called ﬁnite because we always conceive another greater body.
So, also, a thought is limited by another thought, but a body is not limited by thought, nor
a thought by a body.

The result is that a human being, like all ﬁnite beings, is not unique as a product of blind fortune, but as an expression of a divine necessity. Following Spinoza, we are forced to conclude
that wonder is identiﬁed with ignorance. Indeed, divine necessity emerges as our intellectual knowledge understands blind fortune, not in terms of ﬁnal causes, but as a “system” of
measurable proportions. To explain the structure of the human mind Spinoza speaks of the
idea of corporis, meaning that what is uniquely human is not our capacity to transcend the
physical realm of Nature, but to understand it adequately and accurately.
We are really free when our mind grasps this scientiﬁc explanation. This “noetic” freedom
– that is, the acknowledgment of the eternal necessity of Nature – is the very source of
intellectual happiness for man. Only the wise man – the man who is no longer ignorant – can
be free, enjoying the naturalistic explication of everything as the real fulﬁlment of himself.
Clearly, we ﬁnd here the metaphysical assumption of all monistic naturalisms, even though
after Spinoza the image of Nature changed radically.
2.2 The construction model
Now, let us move on to the second paradigm, the Kantian one. Unlike Spinoza, according to
Kant a ﬁnality in Nature is thinkable, but not in the form of a “determinant” judgment (that
is, an intellectual judgment that gives a general rule under which particular cases of sensible
experience are subsumed), but rather in the form of a merely “reﬂective” judgment (that
is, a rational judgment that starts from the particular cases of sensible experience in order
to ﬁnd a general rule). Only the ﬁrst kind of judgment – the determinant one – achieves a
scientiﬁc, i.e. objective, knowledge of Nature, intended as the realm of mechanical causes.
The second kind – the reﬂective one – allows us to think of a ﬁnality in Nature, that is, a
sort of intentionality that uniﬁes all empirical events and laws of Nature. This intentionality
is more a requirement of human reason than an eﬀective cause in Nature. In other words,
our reason cannot rest in its quest for the unconditioned, that is, for the ultimate principle of
reality, and at the same time it cannot determine the unconditioned in a scientiﬁc way, that
is, it cannot really know it. Indeed, the human mind can really know only what is in space
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The ﬁnality of Nature is, therefore, a product of human reﬂection. However, there is a special
case in which we can fulﬁl this requirement of our reason. This happens in the realm of practical reason, i.e. in that special use of our reason in which it can and must be an appropriate
cause in itself, namely the free cause of human actions. In this sphere of practical reason the
ﬁnality of Nature has to be considered with respect to the “ultimate purpose” of the existence
of a world. But the ﬁnal destination of all creation is the freedom of man. Therefore, the
uniqueness of human nature is the supersensible purpose of the whole of Nature.
Let me quote an interesting passage from the Critique of Judgment [2]:
A ﬁnal end is that end which needs no other as the condition of its possibility. [...][T]he
ﬁnal end cannot be an end that nature would be suﬃcient to produce in accordance with
its idea, because it is unconditioned. For there is nothing in nature (as a sensible being)
the determining ground of which, itself found in nature, is not always in turn conditioned;
and this holds not merely for nature outside of us (material nature), but also for nature
inside of us (thinking nature) – as long as it is clearly understood that I am considering
only that within me which is nature. A thing, however, which is to exist as the ﬁnal end of
an intelligent cause necessarily, on account of its objective constitution, must be such that
in the order of ends it is dependent on no further condition other than merely the idea of it.
Now we have in the world only a single sort of beings whose causality is teleological, i.e.,
aimed at ends and yet at the same time so constituted that the law in accordance with
which they have to determine ends is represented by themselves as unconditioned and
independent of natural condition but yet as necessary in itself. The being of this sort is
the human being, though considered as noumenon: the only natural being in which we can
nevertheless cognize, on the basis of its own constitution, a supersensible faculty (freedom)
and even the law of the causality together with the object that it can set for itself as the
highest end (the highest good in the world).
Now of the human being (and thus of every rational being in the world), as a moral being,
it cannot be further asked why (quem in ﬁnem) it exist. His existence contains the highest
end itself, to which, as far as he is capable, he can subject the whole of nature, or against
which at least he need not hold himself to be subjected by any inﬂuence from nature. Now
if things in the world, as dependent beings as far as their existence is concerned, need
a supreme cause acting in accordance with ends, then the human being is the ﬁnal end
of creation; for without him the chain of ends subordinated to one another would not
be completely grounded; and only in the human being, although in him only as a subject
of morality, is unconditional legislation with regard to ends to be found, which therefore
makes him alone capable of being a ﬁnal end, to which the whole of nature is teleologically
subordinated.

Thus, morality is the key to explaining the real uniqueness of human nature: this uniqueness
does not belong to phenomenical man (homo phenomenon) but to noumenical man (homo
noumenon). What is really unique in man is not what he is – since he is always conditioned
by natural causes – but what he should be, i.e. the moral use of his freedom. When is
freedom used morally? Only when it obeys the pure rational law of moral obligation. I can
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be. .free
a continuous construction, i.e. the cultivation of human nature through moral reason. Man
is a product of Nature and at the same time he is the producer of culture.
It is worth noting that, in a Kantian perspective, only morality, not happiness, is the ﬁnal
purpose of creation. For Kant, indeed, happiness remains something subjective, a “ﬁrst person” speech (as it were), always conditioned by the particular and the contingent, hence by
sensible factors. On the contrary, the ﬁnal purpose must be unconditioned and that is why
morality supersedes happiness. In the noumenic realm, only a moral man, as he obeys the a
priori law of reason, can be a happy man.
We see here the matrix of all modern “trascendentalisms” in explaining the uniqueness of
human nature, a “third person” speech (as it were).
2.3 The third paradigm
These two ways to approach the problem of the uniqueness of human nature have proceeded
in parallel, but sometimes they have intersected, outlining new perspectives.
Let me refer to one of these perspectives, actually a very ancient one, since it descends from
the principles of oriental Buddhist philosophy and, at the same time, a very modern one in
its epistemological claims. In this third way, we ﬁnd intertwined the purpose (of the ﬁrst) to
show the illusion of a man as an individual substance and the task (of the second) to achieve
the transcendental reconstruction of human nature. Let us call this way “oriental-cybernetic.”
It comes from Buddhism and through a long, hidden history, has arrived in our contemporary
culture; it is the idea that every form of reality is itself empty of substance and impermanent. The ancient word Anicca means impermanence; Anatta means non-existence of the
individual self, so the relativity of every existence. In this perspective we have to destroy
the idea that our “self” is something absolute and irreducible and we have, on the contrary,
to de-individualize human nature depriving it of its own self. What does it mean: Am I
without a self? A human individual without individuality? It means that a human being is
never the owner of him/herself or the principal agent of his/her actions: s/he is only a point
of conﬂuence in the wide web of relations that constitutes Nature. In this sense my identity
is just a provisional and ever changing merging of all the relations into which I enter. The
only possibility to reaﬃrm a kind of uniqueness is balancing, checking and organizing these
diﬀerent forces (i.e. relations). From impermanence to self-construction.
On the one hand the individual is no longer a centre of power and on the other his/her mind
expands and structures itself as a wide system of relations outside the body (outwards).
This is the idea of the ecological mind suggested by Gregory Bateson [3]:
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The individual mind is immanent but not only in the body. It is immanent also in pathways and messages outside the body; and there is a larger Mind of which the individual
mind is only a sub-system. This larger Mind is comparable to God and is perhaps what
some people mean by “God,” but it is still immanent in the total interconnected social
system and planetary ecology.
Freudian psychology expanded the concept of mind in-wards to include the whole communication system within the body, the autonomic, the habitual, and the vast range of
unconscious processes. What I am saying expands mind out-wards. And both of these
changes reduce the scope of the conscious self. A certain humility becomes appropriate,
tempered by the dignity or joy of being part of something much bigger. A part – if you
will – of God.

No wonder that the name of this new “naturalistic theology” is for Bateson “cybernetic
epistemology” [3]:
All biological and evolving systems (i.e. individual organisms, animal and human societies, ecosystems, and the like) consist of complex cybernetic networks, and all such
systems share certain formal characteristics. Each system contains subsystems which are
potentially regenerative, i.e., which would go into exponential “runaway” if uncorrected.[...]
The regenerative potentialities of such subsystems are typically kept in check by various
sorts of governing loops to achieve “steady state.” Such systems are “conservative” in the
sense that they tend to conserve the truth of propositions about the values of their component variables — especially they conserve the values of those variables which otherwise
would show exponential change. Such systems are homeostatic, i.e. the eﬀects of small
changes of input will be negated and the steady state maintained by reversible adjustment.

According to the ecological view, the uniqueness of human nature is interpreted only in its
relations with the environment; this is true only if we take Nature as a biosphere inhabited
by an immanent Mind that provides the human mind with an unceasing self-control. For
Bateson, this perspective allows us to solve the age-old problem of the purpose of Nature.
In cybernetic epistemology we have the idea that the self-correcting circuit gives a possible
model for the adaptive actions of organisms. The problem of the purpose is solved through
the self-control model. Every step of self-correcting is a new level of learning, in which the
individual mind sees ever more its systemic framework. Normally, our consciousness, insofar
as it is related to the problem of purpose, prevents us from continuing along that learning
curve. In cybernetic epistemology, self-consciousness can ﬁnally become the ecological mind:
On the one hand, we have the systemic nature of the individual human being, the systemic nature of the culture in which he lives, and the systemic nature of the biological,
ecological system around him; and, on the other hand, the curious twist in the systemic
nature of the individual man, whereby consciousness is, almost of necessity, blinded to
the systemic nature of the man himself. Purposive consciousness pulls out, from the total
mind, sequences which do not have the loop structure which is characteristic of the whole
systemic structure. If you follow the “common-sense” dictates of consciousness you become, eﬀectively, greedy and unwise – again I use ”wisdom” as a word for recognition of
and guidance by a knowledge of the total systemic creature.
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The three positions mentioned above sketch out a very unusual path. We started from the
interpretation of the uniqueness of human nature as a metaphysical illusion, then we moved
to its interpretation as a transcendental construction; and ﬁnally we arrived at a systemic
self-control.
In each of these approaches to the problem of the uniqueness of human beings, we can also
ﬁnd a reference to real factors in the dynamics of our conscious life. It is true that our existence is determined by necessary factors, just as it is true that each of us has to “actualize”
and to “build” our own identity in the world; ﬁnally, it is equally true that our individual
being is always involved in a wider system of environmental relations. Each of these accounts,
however, presents itself as the solution to the entire experience and, consequently, claims to
correct the intuitive experience we have of ourselves.
In brief, three corrections are proposed:

1. No ﬁnite being is contingent; it does not depend upon anything else for its existence,
but on the necessary power of Nature. Outside of this power there is no purpose.
2. The speciﬁcity of the human being is not in the order of being – that is, in the chain
of natural causes – but in the order of what should be – that is, of moral law. The
individual is a purpose in him/herself only if s/he obeys the a priori law of reason; only
in this case can we see him/her as an unconditioned being.
3. The individual is him/herself only a system, and as a system, we can understand his/her
whole nature – uniqueness – only in his/her relation to the environment. The idea of
purpose translates perfectly into the idea of self-correction.
Yet we could legitimately ask whether these correction models reach their goal, and whether
there are any phenomena, in our experience, that are resistant to explanations of this sort
and so that can testify to a possible uniqueness of human beings in Nature.
I shall not discuss the legitimacy of isolating something which would be “unique” (hence
irreducible) within and against the enchained series of natural (hence reducible) phenomena.
Rather, I would like to focus on the common experience of our perception of reality (that
reality which is “outside” of our mind and of what we ourselves are). I shall not be concerned with demonstrating whether it could or could not be explained by neurophysiological
factors, but I shall consider the simple fact that our nature has the possibility a) to perceive
something and have the consciousness of perceiving it; and b) to have this consciousness not
only as a record of things, events, persons, facts, etc., but also as an awareness of this being
conscious. In simple terms, we are self-conscious.
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. . “self” is here the “object” of consciousness? What kind of relationship exWhat
ists between the many diﬀerent acts of perceiving and the agent of these perceptions? Do
the perceived objects ﬁll completely the consciousness that the perceiving subject has of
him/herself? Is it possible to focus on the real “identity” of this strange agent only on the
grounds of his/her performances and actions, i.e. through the impact of the external world
on his/her receptive structures and, at the same time, through the re-action of the perceiving
agent in order to “handle” and to “construct” the perceived world? Is human nature totally
determined by this interplay between “reception” and “construction?”
I would like to propose three phenomena, well known in our experience, which can serve to
outline a possible “uniqueness” in human nature:
3.1 The capacity to perceive
Human beings have the strange capacity to perceive the world and themselves, posing the
question of the meaning of this act and, furthermore, the question of the meaning (direction
and perspective) of their own experience (experience as a perception searching for meaning).
We are not dealing with a supervenient level, something added to a simple, natural condition,
but rather with a genuine mode of living that nature. More precisely, we are not dealing
with the emergence of a theoretical position diﬀerent from a purely empirical one, but rather
with a constitutive dimension of our being in the world. To ask “why” is not an intellectual,
abstract exercise of the mind, a speciﬁc philosophical aptitude, but a characteristic posture
of a human being. Most of the time this posture is not thematised; only sometimes it emerges
clearly – when we feel wonder or boredom, pain or joy, indiﬀerence or hope – pressing ourselves to ask why we are what we are and why we are, why certain events happen and what
their happening requires of ourselves. Without this “pre-reﬂexive consciousness” we would
probably not feel our existence and our body as properly ours. The uniqueness of man is
not in being a subject detached from Nature, who observes Nature from his/her vantage
point; on the contrary, a human being constitutes him/herself as a never ending relationship
with the world, people and things. Questioning the meaning of what exists is a speciﬁcally
human mode of actualising this relation. No one could ask about meaning if he/she were not
touched by a factor or event that provoked him/her to ask. Of course, most of our questions
are cultural products, but we should ask how our cultures could have been produced without
these very questions.
Stating what distinguishes the ontological structure of “being in each case mine” (Jemeinigkeit),
Heidegger once wrote [4]:
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. . something, understanding and conceiving it, choosing, access to it – all these
ways of behaving are constitutive for our inquiry, and therefore are modes of Being for
those particular entities which we, the inquirers, are ourselves. Thus to work out the
question of Being adequately, we must make an entity – the inquirer – transparent in his
own Being. The very asking of this question is an entity’s mode of Being; and as such
it gets its essential character from what is inquired about – namely, Being. This entity,
which each of us is himself and which includes inquiring as one of the possibilities of its
Being, we shall denote by the term ‘Being-there’, Dasein.

The questioning is possible, since the understanding of meaning is something that belongs
to our being-human, to our perceptual structure, to our vision of and our listening to the
world, and to our inner consciousness. This understanding is like a structure of “acceptance”
or “reception” of data, in which the amazing hooking or interlocking between our perceptual
abilities and the world happens, together with the even more amazing perception that the
world is given to us. This is not a mere “registration”, but the emergence of an active and
(one might say) “creative” response to the impact with data. To this creativity – typical of a
being who is nevertheless ﬁnite and dependent on all his/her conditioning – I give the name
“questioning” of meaning.
Man is a question-posing being. – So the resistant point is: why do we pose questions?

3.2 Desire
Human beings have not only many needs, but they also know that strange phenomenon
called desire. A simple need cannot be identiﬁed with a desire because desiring is an openstructured intentionality that can never be completed in a co-determined satisfaction.
One of the most common ways to understand desire is to see it as a lack of satisfaction.
When we desire something, we refer to something we do not have yet or do not have any
longer. It is something we need precisely because it is something we lack. At the same time,
desiring shows that we are already in a very special relationship with the object of desire,
which “attracts” us towards it, invites us, questions us.
If need is determined primarily by a force which drives us and acts from behind (so to speak),
desire, on the other hand, is driven by a force before us, which “catalyzes” our consciousness.
In other words, desire is made up of “absence” or “lack” and of “presence” as well, since its
object carries an active and positive action, even though it is still not enjoyed by us as a
speciﬁc object.
The object of desire is therefore always greater than the measure of need. Moreover, we all
have had the seemingly contradictory experience of desiring something we are not lacking,
and yet it is never enough for us; of feeling a persistent and permanent need, not for a lack
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paradigmatic cases, such as in enjoying beauty, in the freedom of playing, in the feeling of
love. These are cases in which the satisfaction of a need not only does not extinguish the
desire, but rather generates it.
We can say that the diﬀerence between need and desire is in time: when a particular need is
satisﬁed, it is “burned” (so to speak) and then time goes on again, in a never-ending reiteration. So, after satisfaction, a further and undetermined need arises in a compulsion to repeat.
Only desire opens up (as it were) present time and stretches it out as memory and expectation.
It is a speciﬁcally human time, that is, not the time we measure with a clock, but the time
of our inner consciousness and being in the world. For its temporal structure, desire is an
ever open and an ever questioning dynamic. It demonstrates that our individuality is constituted by an essential relationship with an alterity. For now, let the nature of this alterity
be undetermined and let us focus instead on the fact that the other is a genuine “given” to
our conscious life, i.e. a given that cannot be “consumed” and “exhausted,” not because we
cannot reduce or extinguish others through our actions, but because our desire testiﬁes that
there is an irreducible “other” which stimulates me to be an “I.”
As the psychoanalyst Jacques Lacan writes [5]:
Man’s desire ﬁnds its meaning in the desire of the other, not so much because the other
holds the key to the object desired, as because the ﬁrst object of desire is to be recognized
by the other.

If we ﬁgure out that the desire to be recognized, preferred and loved, is not like an interrupted beaten track, but an everlasting dynamic rooted in our unconscious life, then we can
conclude that the desire of the other is not an act or a product of the “I” but exactly what
allows the “I” to be.
Man is a restless being. So the resistant point is: why don’t explanations and satisfactions
ever satisfy us?
3.3 “Nothingness”
Human beings are the only beings capable of thinking of “nothingness.” This is the sign that
our consciousness perceives things, events, the entire world in thinking of their provenance
and their contingency.
I am not just referring to our capacity to perceive the “no longer” of something that existed
before or the “not yet” of what will be; neither I am just referring to the capacity of our
mind and language to make negative judgments. The nothingness I am talking about (if one
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. . . . about “nothing”!) is not the residue of annihilation in terms of the loss or
can
removal of something, nor is it a logical tool, that of negation.
The human being thinks of nothingness not because s/he doesn’t think of the being of things;
on the contrary, s/he can think of nothingness just because s/he perceives the givenness of
things, their positive presence. Things are never just what they are. They have (so to speak)
a fourth dimension, since we perceive them in that they come-to-being, in that they are given,
they happen. Things are “data” in that they are “events,” that is, things are never abstract
entities, but historical presences happening in space and time.
This has to do with the wonder that something exists rather than nothing, and that which
exists has in itself the trace of its origin, i.e. not only its initial “production” or coming-tobeing, but rather the present dimension of its dependence on the gift of being.
Some philosophers intend nothingness as the mark of two fundamental metaphysical experiences: the ﬁrst is the discovery that being as a totality is always indeﬁnitely greater than the
sum of everything that exists, and that it can never be the object of our empirical knowledge.
It would be a mystery or a heuristic ﬁction which allowed us to think of the ultimate origin
as both the primordial and contextual background against which things stand. The second
experience indicated by the word “nothing” is the experience of the impossibility to conceive
ourselves – human beings – as determined entities among others, because all other entities are
determined by their natural or social features, while man is structurally incomplete, open,
transcendent. Man’s main feature is not actuality, but possibility; not a possibility as a
virtuality which tends to fulﬁlment, but a possibility which can never be fulﬁlled, thus a
genuine impossibility. In this ontological diﬀerence between the determination of beings and
the nothingness of human beings would lie our freedom.
The totality of being and the transcendence (or freedom) of man make the word “nothing”
a very special one and testify that it is not the emptiest concept, but one of the richest we
can conceive. The human being – as a ﬁnite being – is always beyond him/herself. All other
ﬁnite entities are in themselves conditioned, delimited by what surrounds, precedes and follows them, while only the human being stands before nothingness and s/he is marked by the
ever open possibility of being.
However, the concept of nothingness is ambiguous. To stand before nothingness also means
to be exposed to the loss of self, to risk the alienation or dissolution of one’s own self. The
nihilistic notion of nothingness is the reverse side of the metaphysical notion of nothingness.
Yet how is it possible to hold together the wonder of the gratuitous provenience of one’s own
self and of the world (the nothingness of contingency) with the anxiety or sadness for the
ever possible reduction of oneself to nothing (the nothingness of loss)?
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these two meanings and so the two sides of our ability to think
of nothingness, is that we are ﬁnite beings “capable” of the inﬁnite. The inﬁnite can be understood both as the permanent and present origin of reality – something like the vanishing
point of the ﬁnite – and as the irreducible point of our ﬁnite human individuality. We think
of nothingness (in wonder as in fear) just because we are in relation to being and this relation
is the way the inﬁnite opening of a ﬁnite being manifests itself.
When we speak of an inﬁnite opening of human nature, we do not just refer to a “feeling” of
ourselves, but an act and a given of knowledge. Of course, the known inﬁnite, just like known
nothingness, seems a contradiction in terms. Perhaps we have to see things from another
perspective and ask: can we humanly perceive things, ourselves and the world, without the
thought of the inﬁnite?
Let me clarify my point by going back to Descartes and his idea of the inﬁnite, as presented
in the Third Meditation. First of all, it has to be said that I am not referring to the Cartesian solution for a dualistic explanation of the mind/world nexus; it was not in virtue of his
dualism – which distinguishes res cogitans from res extensa – that Descartes could think of
the idea of the inﬁnite, but rather, his dualistic choice was just one possible consequence of
this idea (whether correct or incorrect doesn’t matter here). The thought of the inﬁnite is a
matrix of our consciousness, which comes before any dualistic or monistic explanation of the
uniqueness of human nature.
Let us focus on the following consideration, leaving aside the way Descartes proves the existence in human thought of an inﬁnite substance (more precisely God, a “substance inﬁnite,
eternal, immutable, independent, all-knowing, all-powerful, and by which I myself, and every
other thing that exists, if any such there be, were created”) [6]:
And I must not imagine that I do not apprehend the inﬁnite by a true idea, but only by
the negation of the ﬁnite, in the same way that I comprehend repose and darkness by the
negation of motion and light: since, on the contrary, I clearly perceive that there is more
reality in the inﬁnite substance than in the ﬁnite, and therefore that in some way I possess
the perception (notion) of the inﬁnite before that of the ﬁnite, that is, the perception of
God before that of myself, for how could I know that I doubt, desire, or that something is
wanting to me, and that I am not wholly perfect, if I possessed no idea of a being more
perfect than myself, by comparison of which I knew the deﬁciencies of my nature?

This seems to me the most interesting sign of the uniqueness of human nature: i.e. the fact
that I could not perceive my own ﬁniteness – nor my doubt and my desire – if I did not have
the perceptual trace of the inﬁnite. Our being-human is not a moment of being which tends
to nothing, but rather it comes from nothing and from nothing it is continually pulled away.
Paradoxically, through his capacity to perceive nothingness, man is an inﬁnite-open being.
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Abstract
In the current academic discourse in psychology, which, according to my conviction, is representative
of the implicit assumptions in our cultural environment, two apparently contrasting tendencies are
observable regarding the view of the human being: On the one hand, the hu-man being is raised to
an almost divine being with inﬁnite capacities of realization and an absolute value. On the other
hand, the neurosciences depict an outlook on human kind which is characterized by mechanical
cause-eﬀect-relationships which leave no space for freedom and level out any qualitative diﬀerence
between human beings and animals. In this essay, I ﬁrst would like to illustrate these tendencies
by referring to phenomena from the ﬁeld of academic psychology. In a second part, starting from
an analysis of joint attention and human language, I would like to propose a diﬀerent concept of
the human being which might conciliate these contrasting views: the idea of humans as structurally
exocentric beings, that is, as beings capable of and striving for the inﬁnite.

.

1. The schizophrenia of Modernity: Two contrasting views of the
human being
1.1 The Human being as a complex machine
The neurosciences are bound to make a, so to speak, methodological reduction: As neuroscientists can examine the brain exclusively scientiﬁcally, they deal with deterministic
cause-eﬀect relationships. This is a perfectly legitimate and necessary limitation of the conceivable object, though it tends to be forgotten as such: The object of the neurosciences is
increasingly regarded as the whole, whereas that which is not within the reach of the neuroscientiﬁc method is declared as illusion. Examples for this development are the discussions
on con-sciousness, freedom, the reality of the “I” and the ideas of a soul or mind – to put it
in a nut-shell: everything that contests a purely positivistic view of reality.
One of the most important books, which is used frequently for teaching at university, is
125

Volume 4

Animalia relationalia

Winter 2013

. . . . . . . . . . . . .of
. . . .Cognitive
.
“Principles
Neuroscience” by Purves et al.; a book that is regarded to provide a
comprehensive and profound overview on Neuropsychology and that can serve as an illustration of this view of humans. Instead of talking about human beings and animals, the authors
chose to talk about human and non-human animals, implying a mere degree of complexity
and quantitative augmentation which characterizes human animals among non-human animals. The deterministic view of humans is most evident in theories of executive control,
that is, in theories about the mechanisms of decision-making and planning. The authors
try to avoid the idea of a “homunculus” (which connects to the idea of a conscious center
implying freedom of choice); instead they use the maximally neutral metaphor of a switch
operator, who controls the course of trains – but even here they draw attention to the fact,
that “nothing in this metaphor or in any other description of control requires that control
be exerted consciously [1].”
The popular position of Wolf Singer, a German neurophysiologist, expresses even more frankly
and radically a similar view: He upholds, that the only diﬀerence between pri-mates and humans is a quantitative enlargement of the cortex [2, 3]; human consciousness, the im-pression
of a unity of the person (the impression to be or have an “I”) and the notion of free-dom
are nothing more than emergent epiphenomena generated by the very complex network of
neurons that is our brain [4, 2, 3]. He even demands a radical change of the German law as
the concept of responsibility and culpability – which is essential to our system of laws – must
be revised profoundly according to Singer’s theory [5, 3].
From a certain point of view, Singer’s monistic Materialism (which is also the implicit background of Purves et al.) seems quite attractive, because in its simplicity it oﬀers an explanation for reality as a whole. The human being (I myself!) is just a product of blind
cause-eﬀect relationships without a meaning or scope. And many aspects of our experience
seem to back up this mechanical view: We often act and react in a manner that we don’t
desire or that we clearly disdain (this is true especially when we discover ourselves doing
what we disliked in the behavior of our parents). Moreover, there is the great success of
sciences which are based on the approach to reality as a system of cause-eﬀect laws. But
most importantly, this self-concept frees us from the uncomfortable responsibility for our
acts and omissions. The only question is if this explanation can truly explain reality.
1.2 The human being: The “designer” of reality
Interestingly, there is a second tendency which had been ﬂourishing in the very same academic environment: Whereas on the one hand, the human being seems to be nothing else than
a complex machine, there is the co-existing conviction that the human being is his own
“maker”: Instead of being determined by nature, the human being can determine itself.
This tendency can be understood most clearly by looking at the actual gender-discussion:
According to the mainstream of research which often has a feminist motivation, gender is not
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construction, transmitted from early childhood through the socialization
in the families [6]. But due to clearly contrasting empirical evidence this position is gradually
being given up – even by authors who previously had tried to promote this view [7]. But this
more moderate view, which is gradually being accepted in the academic environment, is far
from being recognized in the population and in politics. Against the empirical evidence, parents are afraid to determining their children and struggle to avoid sex-biased role-attribution
or toys –- and it is political suicide to talk about role-diﬀerences of mothers and fathers.
Even more prominent and highly actual is this powerful position of the individual in epistemology. Psychological research has revealed the ﬂaws of human attention, perception and
memory: Instead of an objective registration of reality, human attention and perception is
highly biased by prior experience and individual appraisal – and our memory is distorted by
assumptions and preferences [5, 3]. As a consequence, realism is regarded a naïve. Instead,
the conviction of many researchers is that every person creates his or her own “reality”;
there is not one given reality which can and has to be recognized, but a rather amorphous
something, that has to be shaped individually and that can be understood only relative to
the perception of one individual.
Also for this concept – like for the materialistic one described above – there is empirical
evidence: Certainly, in contrast to former times, the individual of today’s society is free
to realize his or her own life; to choose job, partner, lifestyle and especially attitudes and
convic-tions according to the personal – and even momentary – taste. Moreover, also this
view has rather comfortable consequences. There is no need to struggle for the truth or to
defend one’s position against others. Instead, everyone’s truth is tolerated: There is simply
my personal “truth”, but this does not endanger your “truth” and we can both relax and
lean back.
1.3 Neuroenhancement: A schizophrenic phenomenon
It is evident to the reader, that these two tendencies contradict each other: The human
being cannot be a completely determined chemical system and contemporarily be capable
of a free and almost absolute self-deﬁnition. And you might argue that these positions
cannot be up-held by one and the same researcher. But there is a growing ﬁeld of research
that is characterized by exactly this “schizophrenic attitude”: the ﬁeld of neuroenhancement.
Lately, there is a growing interest in methods that can enhance cognitive capacities –- and
there is a lot of research on the positive eﬀect of pharmacological substances or brainsimulation (for example of transcranial direct current stimulation [8]) on perception, attention, memory or mood. Moreover, an increasing number of academics use substances to
enhance their performances –- and there is evidence, that not less than 16% of the university
attendants of some colleges in the USA use stimulants to improve alertness and concentration. The trend is visible not only in America, but also in England and increasingly more
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Organization for the US Department of Defence (DARPA) praises the positive eﬀects of enhancers in war situations [9].
Certainly, the positive eﬀects of neuroenhancement seem overwhelming: the promise of less
anxiety, enhanced productivity, prolonged periods of attention that promise e.g. less mistakes of surgeons during long operations [9, 10]. But apart from negative side-eﬀects that
cannot be excluded (as e.g. the inhibition of creativity [10]) long-term side eﬀects and problems of drug addiction , there is an problematic aspect which is most interesting for our
train of thoughts: the fact that behind the idea of neuroenhancement stands the concept of
an ideal human being which we attempt to approximate with methods of enhancement: If
all methods would do their job perfectly, the resulting human would be an almost fearless,
always happy, energetic person with little or no need of sleep, a long span of attention and a
precise memory. In short, he would have all properties that are desirable from an economic
point of view. Thus, an ideal design of the human being underlies this endeavor of neuroenhancement that meets the needs and desires of economy – but it is highly questionable, if
it meets the needs and desires of the individual and it is utterly sad that no one addresses
this question. This question (if neuroenhancing methods really serve the individual person
or if it is possible to identify a type of enhancement that really serves every individual) is a
very important ethi-cal issue, but it cannot be regarded here. I rather want to focus on the
phenomenon of neuroenhancement as such.
Thanks to our knowledge of the brain mechanisms we are able to manipulate the human
being according to a certain design –- this is the core idea of neuroenhancement. Of course,
such a manipulation would be unthinkable without the laws about brain functioning and
the conviction that the experience of the person can be identiﬁed with these deterministic
neu-ronal mechanisms. At this point, a crucial problem arises immediately: How can we have
the freedom to design ourselves according to an ideal that we have created if we are perfectly
determined by chemical laws reigning in our brains? The answer is simple: This position
is intrinsically contradictory. Either we are the product of blind cause-eﬀect relationships
which would leave no space for any “designing” – or we are absolute beings who are free of
determination through nature.
Of course, the inner contradiction of the neuroenhancement project is so evident that it is
diﬃcult to understand why some of the most important researchers can uphold both concepts
of the human being. Romano Guardini asked the same question and suggests that the existence of these contradicting positions simply shows our ignorance in front of the question, of
who or what the human being is. Guardini’s analysis of the background of these contrasting
positions results in the assumption that, according to the modern view, the human being develops itself according to its nature and enters in a manipulative relationship with the world,
maybe assuming a metaphysical fundament behind the concreteness. But this relation to
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human being is regarded as independent from any transcendence. Guardini instead questions
this general view and suggests that this relationship to a transcendental fundament might
be vital for a real understanding of human nature [11].
In the following section, I would like to follow Guardini’s suggestion. If our view of our-selves
as independent beings generates contrasting positions, we have to question our assumptions
and look for a view of the human being that dissolves or even conciliates these contrasting
points of view.

2. Intrinsically depending: An alternative view of the human being
2.1 The problem to ﬁnd a qualitative property
Should we wish to deﬁne the nature of the human being it is necessary (according to Aristotle) to state the general category (genus proximum) and the unique quality that discerns
the object from the other members of the category (diﬀerentia speciﬁca). In fact, Aristotle
had deﬁned the human being as animal (genus proximum) rationale (diﬀerentia speciﬁca); as
a living being that stands out of the others due to its reason. Of course, such a deﬁnition
is unacceptable to modern psychology. What had been a divine capacity is now regarded
as a merely quantitative improvement of the primates’ cognitive abilities which we owe to
the enlargement of the cortical mass. Thus, our task is to discover a quality that marks a
diﬀerence between the human being and the animal.
For a long period, the symbolic capacity of the human being was accepted as a special human
quality. Art, music and above all language were regarded as the expression of this symbolic
capacity.
A symbol has a triangular structure: It has a conventional thus arbitrary form (e.g. “+”),
a certain abstract meaning (in this case, augmentation/ more) and it is used to refer to a
concrete situation, object or action. Unfortunately, the capacity to understand and even use
symbols has been discovered in chimpanzees by various researchers [12, 1]: The chimps can not
only learn a surprising amount of symbols, but even use them not only instrumentally (e.g. to
receive food) but also spontaneously to “comment” on actions. Of course, there is still a huge
diﬀerence between the human use of symbols and the capacity of symbolic representation
in primates -– but this diﬀerence can be interpreted again as a merely quantitative one.
Compared to these ﬁndings, human language seems to be only a quantitatively more complex
communicative system which is possible due to an augmentation of crucial cortex areas.
Apparently, language has lost its position as an uniquely human trait.
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Tomasello’s approach in his book “The Cultural Origins of Human Cognition” is very diﬀerent and interesting: His central conviction is that the human being has an understanding of
the other as an intentional being with a proper and singular view of the world which is not
comparable to the social cognition of primates.
Tomasello calls human babies “ultra social”, because even before birth, they are already related and oriented towards others: it seems that they adapt to the mother’s voice already
in utero, show a preference for human shapes immediately after birth and take part in early
social interactions, where the newborn and a parent orient their attention towards each other
and share emotions and feelings. In these primary interactions, babies tend to imitate the
movements of the parent. As such imitations of tongue movements have been observed even
for a baby-chimp, a qualitative diﬀerence of animal and human newborns is diﬃcult to prove
–- but at the age of nine months, a diﬀerence becomes evident.
Whereas before babies interact only in a dyadic way with objects or persons, between nine
and twelve month emerges the phenomenon of joint attention, that is, of a common focus of
parent and child on an object which implies the understanding of the other as an intentional
being. Children start following the gaze or the indication of others and direct the attention
of others by deictic gestures. Most importantly, they ensure that the attention of the other
really rests on the same object by looking repeatedly from the parent to the object [13]. This
capacity to understand the viewpoint of the other is improved until the age of ﬁve, when the
understanding of false beliefs marks the full development of the Theory of Mind. At this age
humans fully reach the understanding that the own view on the world is unique and that every other human has an analogous, unique view on the world which can be diﬀerent from the
one’s own. Unlike Baron-Cohen [14], who tries to explain the development of “mindreading”
by postulating diﬀerent modules, I would rather say that the diﬀerent abilities which develop
over time until the age of ﬁve are the unfolding of the structural relatedness of humans to
others.
In contrast, Primates never reach the understanding of the other as an intentional being.
An interesting observation is the imitation behavior of primates. When primates and human babies are shown an eﬃcient and an ineﬃcient strategy to reach something, they do
not imitate the behavior of the other, but are ﬁxed on the goal of their action. Human
babies, on the contrary, exactly imitate the strategy they have been shown – resulting in
even less success compared to the chimps when they were shown the less eﬃcient strategy.
Thus, primates don’t imitate, but rather emulate: To them, it is of minor importance if they
discover something by chance (the wind moves an object so that food becomes visible) or
if they are shown something –- and of course, this strategy can have advantages. But its
limitation is the understanding of the other. As the action of the other can’t be understood
as a motivated one, cultural transmission is impeded. In fact, gestures that primates have
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training to receive food from an adult are not imitated by others –
even though the success (getting food) is clearly visible to others. This might sound weird,
because it seems to contradict the in-strumental intelligence of primates. And in fact, it
can be explained only through the lack of the ability to understand the gestures of others as
motivated, that is, as intentional gestures.
These ﬁndings indicate that the worldview of primates is thoroughly egocentric: even if there
is evidence that some primates have a rudimentary self-consciousness (and can e.g. recognize themselves in a mirror) , there are many ﬁndings that show the incapacity to distance
themselves from their individual point of view. One of the most astonishing ﬁndings is the
observation of a group of chimpanzees, which carried rocks over a rather big distance to a
food source providing nuts with such a hard shell that they needed heavy rocks to open them
(in this regions, such heavy stones were not available). To the irritation of the researchers,
the chimps threw away the stones carelessly after having ﬁnished their meal –- and carried
new rocks the next day. Why this? Primates are very inventive when they want to satisfy
an actual need -– but they have no ability to distance themselves from their actual situation
(for example, they cannot anticipate that tomorrow they will be hungry again and thus will
need again heavy stones). By the way, this can explain why no animal has learned to dominate the ﬁre. You need to collect wood and guard the ﬁre before you are hungry or have cold.
While this capacity has been interpreted just as a forerunner of human planning abilities
which were improved only quantitatively in humans enabling them to anticipate future needs,
Tomasello’s analysis paves the way to a deeper understanding. Human beings, unlike primates, are intrinsically social beings: they can take a distance to their own point of view and
they understand their own subjectivity. Thus, they live in a social world which is populated
by other subjects owning a unique perspective on the world. Primates, on the other hand,
never grasp their subjectivity (in the sense of a singular perspective) – and never grasp the
subjectivity of the others. This is why gestures cannot be understood in their intentionality
and an imitation thus becomes useless.
It has to be mentioned that some researchers claim to have discovered evidence for social
cognition in primates. In one of the seemingly most compelling experiments, chimps were
given the possibility to remove a peg which as a consequence enabled another chimp to reach
food. In the experimental condition (no food present), the peg was released signiﬁcantly less
often than in the experimental condition (food present) [15]. In my opinion, these ﬁndings
could be explained more easily by assuming that the food attracts attention and raised the
curiosity of the chimp –- even if he is not rewarded with it. Moreover, experiments should
be taken into account where chimps seem to display indiﬀerence towards the desires of others. These ﬁndings should be analyzed carefully in order to not overinterpret possible social
behavior in primates; In any case, it seems rather evident that they do not grasp the idea of
“foreign subjectivity” (otherwise they should display imitation and communication behavior
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culturally).
Thus, there seems to be a uniquely human quality: The ability to adopt the design-stance or
the intentional stance as Daniel Dennett would call it [16]. Human beings understand actions
(and instruments) as fulﬁlling the scope of an intentional being. In contrast to the egocentric
animal, humans seem to be intrinsically exocentric, that is, in our very nature related to
others. Even if primates seem to possess a rudimentary self-consciousness and might be able
to make statements in the ﬁrst person, they never reach a true understanding of “you.”
2.3 Language – the consequence of the relational human nature
With this background, we can go back to the phenomenon of language. As language is the
expression par excellence of the social nature of human beings, why can the research on
language not encounter a uniquely human quality? The research on language has concentrated too much on the symbolic aspect of language as has been explained above -– because
if trained systematically, even primates are capable of learning symbols. But they are unable
to grasp what is constitutive for language: the outreach of language to another subject with
whom I get into contact. As Tomasello suggests, language is an achievement arising from
the social nature of humans. It is not mere chance that language acquisition starts exactly in
the same period in which human babies gain the concept of joint attention (usually between
nine and twelve months).
This becomes understandable when we try to understand the prerequisites of learning a language. A child will understand and memorize a word or a phrase because it has the capacity
to direct his attention to the same object, situation or action as the parent. It is the intentional identiﬁcation of shared communicative situations which enables children to acquire a
language. Of course, the common referent can go far beyond the actual state and situation of
the speakers -– in fact, we usually speak about past, future or even abstract issues. In short,
language is not what characterizes a being as human, but it is rather the unique relational
capacity and exocentric orientation of humans which permits the development of language.
There is, however, a revolutionary ﬁnding about the nature of human language that seems
to provide a uniquely human characteristic. All existing grammars allow an inﬁnite embedding of sub clauses. In every language, it is possible to add a potentially inﬁnite number
of sub clauses or corresponding sub-structures (“The women which I met yesterday, when I
was going to the supermarket which has been built by the company that has been on the
newspapers, because...”). The great contribution of the research group around Andrea Moro
was the discovery that this recursive grammatical structure is not a contingent property of
all languages, but that this grammatical structure is the essence of human language itself.
By inventing a “normal” recursive grammatical rule and another rule which didn’t allow
such an inﬁnite embedding (but was equally complex), they could compare the fMRI results
during the application of these grammatical rules (both rules had been learned before by the
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subjects).
only the application of the recursive grammatical rule resulted in
an fMRI pattern characteristic for language processing (increased activity in the Wernikearea). We could conclude that only the recursive grammatical rule was processed as language,
whereas the non-recursive rule was not.1
This ﬁnding revolutionizes the understanding of human language. The characteristic property rendering a system of signs a language is a grammar which allows potentially inﬁ-nite
embedding – and, not very surprisingly, animals fail to learn this grammatical structure.
But why is this structure so crucial; what is its exact signiﬁcance? Language is unthinkable
without an analogous grammatical structure, because it is the characteristic which allows
true dialogue: the possibility to deal with language in a creative way instead of being bound
to a rigid system of signs. Human grammar permits an inﬁnite use of a ﬁnite means. And
only this openness to inﬁnite creativity allows the striving for a common understanding, for
the revision of one’s own viewpoint. It opens up the possibility for something new to happen
in the course of a dialogue, an understanding that neither of the partners had before the
conversation. This marks a sharp contrast to the use of signs. Here, I can just pass and
receive information. In fact, chimps can learn sign systems and pass impressively complex
information (like the fact, that the fridge in which the bananas are stored, is empty and that
it should be reﬁlled) -– but they never use the learnt symbols to communicate.

3. A being that reaches out to the inﬁnite
So far we have discovered that the human being is intrinsically relational. Human nature
is at its very core the relatedness to others. But how does this relatedness connect with
Guardini’s thesis, that the human being is deﬁned by the relation to transcendence?
It is important to understand the nature of this capacity to understand and relate to other
humans. The individual is conscious of the own subjectivity and thus oriented exocentrically
(because he is aware that there are other subjects and an environment diﬀerent from him).
Thus, he is oriented towards other humans but also towards situations and needs that differ from his actual state. The latter ranges from the anticipation of tomorrows hunger to
the anticipation of the next winter -– and ﬁnally to the conscience of the own death and
a world in which I will no longer exist. This awareness of the contingence of the own existence implies the perception of a radical dependence. And this conscious dependence is
the root for the relation to a something that transcends the own existence and the origin
of human culture and religion. Note that ”transcendence” is a neutral concept in the sense
that it is not linked to any religious forming; it could also be the dependence of the casual
laws of nature; in this case, nature would occupy the position of the transcendent fundament.
1

This important point is further developed in the contribution of Andrea Moro in this same volume.
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analysis of the concept of persons results in a very similar recog-nition:
that a person –- unlike animals -– can relate himself to his or her nature and life. Hu-mans
do not merely exist – they own their existence and can adopt a certain attitude toward life.
A person can decide to commit suicide (because the own existence seems meaningless) or to
sacriﬁce life for someone (because he recognizes that there is a value which is above the value
of the own existence). The exocentricity which allows the relationship to others also implies
the relation to the own existence, that is: to one’s own contingence and thus a relation to the
transcendence I depend on. It is obvious that the implications of this point (that a relation
to oneself implies a relation to a transcendence I depend on) reach far beyond what can be
discussed here.
This explains why the human being continually asks and searches for a meaning. Human
children often cause headache with their ceaseless “why-questions,” because they strive to
acquire what Norbert Bischof calls a “world-frame”: our exocentric nature causes us to reach
out to the whole, to strive for an understanding of the universe of being in which I rec-ognize
myself as a small, contingent dot. The whole of reality and, above all, my own existence is
not selfevident but demands an explanation.
Beside the quest for meaning (which can be interpreted as a rather cognitive endeavor), we
are also related aﬀectively to something which goes beyond the quantitatively conceivable
reality: Unlike animals, humans have not only needs but desires, which are directed towards
an inﬁnite end. The desire to love and to be loved cannot be contented -– on the contrary:
the more one experiences love, the more this desire for love will grow.
The thesis that the human nature is in its essence this relatedness to the inﬁnite allows a
conciliation of the two contrasting views that have been described in the beginning: The view
of man as dominator over nature on the one hand and as completely subjected to the blind
laws of nature on the other. And in fact the human being is determined (and not absolute
dominator of nature) as far as it is part of nature and can be described in terms of physical
laws. But man is determined only to a certain degree, because he depends on something
that transcends the visible world of cause and eﬀect. A way of conceiving human freedom
(which can only be hinted at in this essay) could be e.g. Spaemann’s attempt [17]: he talks
about the human capacity to relate himself to his own desires, motives and actions. In short,
human freedom could lie exactly in this capacity to go beyond the subject’s circunstance
which implies a relation to one’s own life.
Of course, this thought has metaphysical implications which cannot be discussed here. I
would just like to stress that I am not trying to prove the existence of a transcendent being.
Yet, it is my deep conviction, that understanding the human as related to transcendence is
the only possibility to understand ourselves coherently and without neglecting or eliminating
part of our experience. The empirical evidence -– both personally and scientiﬁcally – reveals
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of a structurally exocentric being which creates culture and religion in
the endeavor to deal with the transcendent fundament on which the individual recognizes to
depend. Thus, I have no doubt that we cannot grasp our nature without accepting that the
human being is structurally related to the inﬁnite.

4. Conclusion: The relational nature of man
The research for a uniquely human quality had revealed itself as a rather diﬃcult endeavor:
With the increasing psychological knowledge, more and more qualities that previously had
been accepted as genuinely human have been discovered -– at least in their rudimentary
forms -– in primates. As a consequence, the qualitative diﬀerence was degraded as a merely
quantita-tive one and the diﬀerence between humans and animals was leveled out. In this
essay I proposed a structural property as the essence of human nature which is not reachable
through a quantitative augmentation of other capacities. Returning to Aristotle, I would
deﬁne the human being not as animal rationale, but as animal relationale: as structurally
exocentric or rather a structural related being which implies the relatedness to other “you”,
to one’s own existence and thus to the Inﬁnite.
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