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By Dorion Sagan

When we look back in time over the evolutionary landscape of the Earth, we find something surpassingly strange: the “primitive” and would-be antiquated beings of yesteryear outdo us in so many ways. Indeed they do so with such technical prowess that we may be forgiven the suspicion that their artistry is superior to ours not only in direct skill but also in both the dependable application and graceful concealment of such skill. Thus, we precocious apes jabbering about the surface of the planet, as we commandeer electromagnetic means to broadcast pictures of our bullying and semi-clad bodies, appear like a species in the thrall of a global inferiority complex, trying to compensate by calling attention to ourselves. Don’t believe the hype. We are not so smart. The brittle star species Ophiocoma wendtii may seem primitive, but this relative of the starfish eludes predators by means of a crystalline lattice of calcite integrated into its skeleton. A marvel of optical computing far beyond the designs of artificial vision labs, O. wendtii’s entire body acts as a compound eye focusing light and seeing.

Over three billion years ago bacteria evolved and linked ecosystems of sulfide oxidizers and sulfide reducers, thereby solving a problem of living without polluting the environment. Bacteria also evolved ecologically balanced nitrogen fixation (compared to which human agribusiness’s use of fertilizer looks like a bad joke), worldwide gene trading (a kind of combination of the Internet and genetic engineering to help evolution along), and the ability to grow a mile beneath the surface of the Earth in rock by means of making use of ambient chemical reactions.

The discipline known as DNA computing began when scientist Leonard Adleman solved a mathematical conundrum known as the “Traveling Salesman Problem” (which involves working out the shortest path that takes in all points on a given route). By generating DNA sequences representing all possible routes and mixing them in a test tube, Adleman was able to answer a problem that had eluded the most powerful supercomputers, whose few thousand processors pale next to the natural intelligence of DNA. Similarly, ciliates such as paramecia, which trade their nuclei, appear to have pioneered certain robust information management techniques to search and preserve connected data long before the advent of computer programmers; the DNA of these organisms can be a thousand times more per cell than for bacteria. It has even been theorized (by my mother, National Academy of Sciences member biologist Lynn Margulis) that our brains make use of tubulin protein-mediated neural processing systems once used for locomotion in anaerobic bacteria known as spirochetes. The notion of natural intelligence for which Simon G. Powell so eloquently argues in this volume must be taken as more than metaphor.

But if a close look at the evidence reveals that we cannot separate ourselves from other life-forms by our creative intelligence, so too would it be foolhardy to single ourselves out as agents of Zoroastrian evil, somehow endowed with supernatural powers of destruction. Some mushrooms, tempting insects to eat them, have genetically arranged to sprout through the organisms’ bodies, using the insect head as a fungal flowerpot. As the frightening use of bioterrorism makes clear, bacteria can be powerful agents of destruction. Arthromitus bacteria, normally found in the hindguts of termites and wood-eating cockroaches, with a slight genetic change become spore-forming anthrax bacilli. The bacteria are not very adept at living in the bodies of mammals; if they were they wouldn’t be so destructive of the hosts that support them, which is why they stay holed up in the ground, doing nothing for ages in the form of spores. Frightening as it is, their mode of propagation, causing sickness and mass hemorrhaging, and thus being returned to the ground in animals’ blood, is not very efficient. Even with technological inducements they are far less virulent than smarter organisms that have learned to grow together symbiotically.

In light of these instances of life’s innovation and creativity, what scientific justification is there for regarding ourselves as the smartest or most destructive or most conscious species? Prudence is inimical to the bluster and rampant growth we display as individuals, cultures, and a species. Persistent species may have wild youths, but eventually they must find a more stable place in Nature. Simon G. Powell’s book may be a wake-up call showing us our true place in a Nature abundant in intelligence and sentience, if not consciousness.

DORION SAGAN is a science writer, essayist, theorist, and author of sixteen books, including The Sciences of Avatar, and coauthor of Death and Sex and Into the Cool.


“I speak about universal evolution and teleological evolution; because I think the process of evolution reflects the wisdom of nature. I see the need for wisdom to become operative. We need to try to put all of these things together in what I call an evolutionary philosophy of our time.”

JONAS SALK


PROLOGUE
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Darwin’s Evolving Legacy

Over a hundred and seventy years ago an observant young man named Charles Darwin began to formulate a scientific theory that would dramatically change our view of life on Earth. Darwin’s bold assertion that life has evolved over time through a gradual process of natural selection proved to be so controversial that its veracity is even now being fought over tooth and nail. Darwin verily rocked the world, and things have yet to settle down. Evolution is an issue that has had everyone from the Pope to Supreme Court judges earnestly debating its merits as a principle that can account for the existence of complex life. Despite the accumulation of evidence in favor of biological evolution (e.g., the existence of mutable DNA within all organisms, common anatomy, vestigial organs, the fossil record, etc.), people remain divided. Science avidly champions evolutionary theory, whilst many religious people avidly rally against it. Indeed, in the USA apparently half the population refuses to believe that the human race arose through an evolutionary process.

In the wake of these disputes, the intelligent design movement has sprung up. Based in the USA, the movement claims that evolution through natural selection cannot, by itself, explain certain intricate features of organisms. The inference is that some sort of omnipotent supernatural influence (i.e., an influence issuing from “outside” of Nature) is able to manipulate life and guide evolution. Even though most scientists accuse the movement of peddling an untestable brand of badly concealed creationism, the readiness with which intelligent design arguments are bandied about highlights the suspicion in many people’s minds that conventional evolutionary theory is incomplete and “missing something.”

Let me lay my own cards on the table. I submit that we are justifiably right to bark at the current orthodox view of evolution. However, the proponents of intelligent design are barking up the wrong tree. The problem lies not with evolutionary theory per se, but rather the way in which evolution is perceived, appraised, and delineated. The official line is that evolution can be defined as a change in a gene pool over time, or, to be more specific, a change in gene frequencies over time. Short and masterfully blunt, this kind of definition is found in most biology textbooks—yet it simply does not cut it. Such a definition is not wrong, but neither is it right enough. In a way, it is like defining the development of this book as a change in a text pool over time, or a change in word frequencies over time. This is true of course, but it is not true enough.

Given that the evolution of life is one of the most impressive and astonishing processes we know of, characterizing evolution merely as a change in gene frequencies over time is a lame definition that deserves barking at. Likewise, if polar bears, lizards, dragonflies, and the metabolizing cells of which they are built are considered as nothing more than the outcome of certain combinations of genes, then it is no wonder that many people are suspicious of Darwin’s theory. Moreover, people are perfectly correct to infer some sort of intelligent design (albeit natural) throughout the tree of life. Not just in certain ultra-complex organs, but in any part of any organism. Even the most cursory glance at a biochemistry textbook highlights the mind-bogglingly impressive molecular machinery that, with precision and finesse, underlies all forms of life. Indeed, biological science is currently uncovering so many new and marvelous facts about genetic processes as to necessitate the creation of a whole new language. As exotic technical words are invented daily in order to label the newly discovered molecular machines and molecular routines being observed within cells, biochemistry is coming to sound more and more like the study of some highly advanced alien technology. How molecular biologists manage to keep a lid on all this is anyone’s guess. And yet unfathomable supernatural forces are not required to explain these remarkable facts of life. Nature, by way of evolution through natural selection, is the intelligent design force, or intelligent system, that weaves together intelligently functioning biological structures.

The idea that Nature’s evolutionary processes involve, and produce, intelligence may sound straightforward enough—yet it does not sit well with orthodox science or, oddly enough, with intelligent design enthusiasts. “Intelligence” is one of those words that we generally preserve for ourselves alone and not for something as seemingly abstract as the larger system of Nature. Hence, science flatly denies that biological evolution is intelligent, claiming instead in no uncertain terms that evolution (and, by implication, Nature) is blind, dumb, and utterly mindless. On the other hand, religious-minded scientists (like the proponents of intelligent design) insinuate that the intelligence involved with the existence of life lies mysteriously outside of Nature, rather that seeing intelligence as being a fundamental property of Nature or a fundamental aspect of living things. This book is therefore an attempt to venture beyond both the orthodox scientific view of evolution as well as the intelligent design creationist view, to gain a fresh perspective on evolution that might warrant acceptance from everyone. No new processes are invoked in order to achieve this new perspective. No supernatural phenomena are summoned. It is rather the case that life and evolution are reinterpreted—in the same way that one might reinterpret the meaning of a book or an ancient hieroglyph.

As intimated, my chief contention is that evolution through natural selection is a process that displays the chief characteristics of intelligence. I also contend that the laws of Nature, which facilitate evolution, are likewise bound up with intelligence. I portray this new perspective in terms of natural intelligence (thus making it distinguishable from, say, artificial intelligence or human intelligence). I do not mean that Nature is conscious, or that evolution has foresight, or that natural intelligence is exactly like human intelligence. What I mean is that intelligence is essentially an information-gaining capacity in which learning takes place, problems are solved, and sense is made—and that this kind of clever sense-making capacity is not restricted to the brain/mind. Nor is it restricted to robots and other examples of artificial intelligence. On the contrary, Nature, the Universe, can be seen as one vast system of self-organizing intelligence, biological evolution being one particular way in which this intelligence gradually but inexorably expresses itself. By the end of the book, I hope to have convinced the reader to take on board this seemingly audacious notion.

Taking intelligence in its normal usage, if you are intelligent you can learn about, and make sense of, the world around you (and, of course, make sense of an IQ test). The more sense you can make, the smarter you are likely to be. The more environmental information you can access, store, and organize, the more ingenious you can be in your behavior in that environment. Take a native tribe that has existed in the Amazon for millennia. Such a tribe evinces intelligence because its members have made good sense of their jungle environment and can thereby live and survive there. They have learned how the jungle environment works and can use this knowledge to their advantage. Or take a prominent historical scientist like Michael Faraday, immersed as he was in the academic environment of physics studies and chemistry studies: Faraday was highly intelligent because he managed to make sense of electromagnetism and paved the way for our electricity-using culture. (Note here that in both examples sense is/was being made of something that was always “out there” and already sensible. The realization that Nature affords learning is something that I will go into much more detail about later, as it bears heavily upon the process of sense-making.)

Now, the process of evolution likewise demonstrates the capacity to actively make sense. It achieves this through the vehicle of bio-logic (by “bio-logic” I mean the network of physiochemical processes found inside living things). Indeed, the kind of sensible biological engineering achieved by evolution ranks higher than any human technological achievement. Think of how difficult it is to build a biosphere populated by 100 million species—from scratch. Or how to overcome gravity and fly. Or how to photosynthesize (i.e., feed upon photons of light). Or how to build antifreeze agents. Or how to live in boiling sulfurous water. Through evolution, life has learned a plethora of ingenious sense-making techniques—such as specific protein sequencing, metabolism, motility, morphogenesis, cellular orchestration, aerobic and anaerobic respiration, self-repair, temperature regulation, replication, making use of electrochemical potentials, symbiosis, sight, hearing, the use of tensegrity (to achieve stable cell structure), and so on. These nifty techniques—all of which crucially allow living things to make sense of the world and thus be—are written down in enduring (but still mutable/ flexible) DNA. Indeed, genomes represent vast libraries of learning, a form of digital text scripted, honed, and refined over millions of years. The human genome, for instance, contains information pertaining to the production and orchestration of 100 trillion cells into a tightly bound organism potentially capable of warding off death in excess of one hundred years. A single fertilized human egg cell can gracefully differentiate into lungs, liver, spleen, heart, muscle, tendons, sinew, stomach, urinary tract, brain, nervous system, blood, bone, eyes, ears, tear ducts, skin, and so on—all knitted together into one cohesive self-organized whole.

Such ingenious biological behavior clearly evinces intelligence of some kind, as does the evolutionary process that wrote the human genome and scripted the behavior, and as do the laws of Nature that foster all this creative activity. Not necessarily conscious intelligence— Nature does not need to consciously “know” what it is doing through natural selection, nor do cells need to consciously “know” what they are doing (although awareness or sensation of some kind is not ruled out). It is rather the case that bio-logic behaves in a remarkably smart and sensible manner, as does the process of evolution that continually edits and refines bio-logic.

Evolution through natural selection is therefore much more than simply a change in gene frequencies over time. Evolution involves a cumulative series of sensible genetic changes. Sensible changes to genetic information equate to sensible biological outcomes. And sensible biological outcomes are, of course, those that ensure survival. In other words, changes in bio-logic that make some kind of good life-affirming sense in the light of Nature, or in the light of the environment, are the ones selectively favored by Nature. So while Darwin himself defined evolution as descent with modification, it is more accurate and more informative to speak of descent by way of sensible modifications to genetic information. Ipso facto, this gives evolution an inherent direction. Because there are specific ways in which to make sense (due to things like the specific laws of Nature and the specific manner in which atoms, molecules, and energy behave), this channels evolution into specific sense-making pathways. So where natural selection favors, say, a specific chemical cycle that yields useful energy, this means that bio-logic must perforce be attuned to the equally specific chemical and molecular laws that govern energetic chemical reactions. Indeed, it is precisely this inherent tendency for natural selection to engineer specific solutions to the art of living that explains the phenomenon of convergent evolution, where we see the same sensible organ or the same pattern of sensible biological behavior evolving in multiple branches of the tree of life. Thus, the irrepressible pop cultural meme “the survival of the fittest” faces immanent extinction, and a new and much more apt meme can take its place, namely the survival of that which makes sense. It is this sensible aspect of genetic change—the fact that Nature repeatedly favors the survival of genetic information that elicits sensible biological behavior—that characterizes the intelligence intrinsic to the process of evolution.

With current thinking, however, we tend to associate intelligence solely with human behavior and find it difficult to ascribe intelligence to physical, chemical, or biological processes. This is most likely due to the fact that our language is highly anthropocentric. It’s no surprise then that the term “biotechnology” refers to our manipulations of bio-logic and not to bio-logic itself. So whereas we will ascribe intelligence to, and be impressed by, genetic engineering procedures that can make cows secrete insulin in their milk, we will not generally view mammalian lactation itself as being an impressively intelligent biological process.

Even if we do concede intelligence outside of our species, it is usually only because of some sort of relatively simple tool use displayed by another creature. Since a tool is an object designed to perform a specific useful function, we readily associate tools with intelligence. Thus, we might conclude that chimpanzees are intelligent to some degree if they can break open a nut by pounding on it with a carefully chosen stone. Or if a chimpanzee utilizes a carefully chosen twig to fish for termites, then we likewise infer that some degree of intelligence is being exhibited. But what of the chimpanzee’s hands? Are they not tools for grasping objects? And what of its hand–eye coordination? Are the brain and nervous system of the chimpanzee not tools for making sense of the world around it? And what of its breathing as it carries out its nut-pounding endeavors? Are lungs not tools for imbibing oxygen? And are the molecules of hemoglobin in blood not tools for grasping individual molecules of oxygen so as to transport them around the body? Indeed, isn’t the circulatory system an organismic tool for transporting nutrients, gases, and wastes? To be sure, if you were to carefully examine each and every part of the chimpanzee’s body (or any organism), you would find system upon system of functional organelles, tissues, and organs— all of which are way more impressive than nut-cracking with a stone. The overt use of external tools rests upon, and is dependent upon, a huge hierarchical pyramid of internal biological tools. In other words, a genome is a code utilized to make vast arrays of sensible biological tools that are woven together into a single cohesive multifunctional totality. This totality—the organism—can then make tools outside of itself.

The life-enhancing biological tools that genomes code for have been designed by Nature through the process of evolution through natural selection—not necessarily consciously designed as we might consciously design something, but designed in the sense of having been shaped and honed to a high degree of specificity via the action of natural selection over millions of generations. Even the process of evolution itself can, if viewed over a long period of time, be seen as a tool for making tools. Once you begin to expand your concept of what a tool is, it becomes apparent that intelligence goes deeper than relatively simple overt behavior involving external tools (which we happen to be good at using). Given that everything behaves in a certain way (this includes bio-logic and all and any other part of Nature), then intelligent behavior can be extended beyond human behavior alone. A process/behavior of any kind that gains information, learns, and actively makes sense of some larger context is, I submit, an intelligent process/behavior—or at the very least such a process embodies the essential principles of intelligence to some degree.

My point, then, is that intelligence manifests as a particular kind of process not restricted to human behavior, and that if we are to debate the process of evolution with any kind of justice, then we must perforce admit that evolution operates intelligently in terms of the sensible patterns of behavior that it engineers via bio-logic. After all, it was evolution that crafted the human brain. To state that we are intelligent but that the process that sculpted our brains was not, seems a tad suspect. As does the notion that the vast systems of brain neurons underlying our minds lack any intelligent activity of their own. Human intelligence must, in some essential way, rely upon the brain, and the specific way in which the brain organizes information. These brain mechanisms are assuredly behaving and functioning in a clever manner (so clever, in fact, that science has a hard time understanding the full workings of a single neuron, let alone the workings of the entire brain). Similarly, if we imagine (courtesy of our clever brains) the long evolutionary line of ancestral hominid brains that led up to the modern human brain, it is clear that a progressive and ingenious engineering process is at work. Granted, this might have taken millions of years and involved much pruning at the hands of natural selection, yet the efficacy and sheer architectural prowess of Nature are, in this instance, undeniable. In my mind at least, the inference of natural intelligence within Nature is the only reasonable way of appraising both the evolutionary process and the complex organisms wrought by evolution. All the established facts about life do not change, only the interpretation of those facts. Hence, I propose that the concept, or paradigm, of natural intelligence be brought to the debating table and be given serious consideration by anyone interested in the meaning and significance of life.

All of which I speak is of the utmost importance. Indeed, paradigms concerning evolution and our place within Nature rank extremely high in the collective psyche. This explains why there is so much friction and discord between religion and science, and why there is a veritable industry of heated debate. Each group becomes more and more vociferous as the debate intensifies and the stakes escalate. A resolution must be forthcoming—for the simple reason that an objective truth exists. As I have said, I am convinced that the root of the discord lies with the way in which we conceive of evolution. We look at details and tend to lose sight of the bigger picture. Only when we look at the bigger picture and see Nature as a single coherent sensibly behaving system can we properly divine natural intelligence. If we spend too much time analyzing details, we will miss the larger context of which those details are a part. This is especially the case when the issue of genetic change is explored. By acknowledging that natural selection involves the preservation of sensible modifications to the genetic text and not just any old modifications, one is forced to consider the larger environment that provides something to make sense of. Because Nature is sensible a priori (“a priori” means “given before the fact”) due to natural laws and the various effects of those laws, sense can be made of Nature by way of evolving bio-logic. This realization suggests that Nature can be viewed as a system of self-organizing intelligence in which life, consciousness, and information are all falling into place according to some unstoppable natural imperative.

Having said as much, it is clear that the paradigms currently steering human culture, particularly in the West, bear no reference whatsoever to natural intelligence. This might well explain why so many environmental and existential crises face us. Conventional science resolutely denies that any intelligence is involved in evolution, let alone other natural processes, and so it is principally human intelligence and all the inventions and ideas of human intelligence that are esteemed, and that come to determine the progress of human culture. In this sense we are going it alone, a species intent on divorcing itself from the natural intelligence that birthed us. It might well be that until we acknowledge the role of natural intelligence in the evolution of the tree of life we shall remain estranged from the rest of Nature and continue to suffer the consequences. In all fields, right relationships bring health and balance. To acknowledge the presence of natural intelligence within Nature, to seek to learn from that intelligence, is to begin placing oneself in a right relationship to all else; so poised, balance and health are maximized. And so we begin.


CHAPTER 1
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WHY ARE WE?

As these words are written, a hefty space telescope is in orbit high above Earth. Launched back in 1990 and still going strong, the Hubble telescope has transmitted back to Earth a series of the most astonishing photographs of the Universe to date, photographs so provocative in their detail, so spectacular in what they purport to show, that one looks upon such images aghast and at a loss for superlatives. One of the most famous of these pictures shows an endless number of galaxies, each one an almost abstract splash of color. This particular shot resulted from Hubble focusing its reflecting lens upon an area of dark space equivalent in size to a grain of sand held at arm’s length. And yet within such a minuscule area we see a plethora of cosmic structures—not just single stars but complete galaxies, each containing billions of stars and perhaps a multitude of solar systems like our own. The mind boggles. New York’s sprawling metropolis appears big. The Grand Canyon is considered massive. China is vast. The entire biosphere is decidedly gargantuan. The solar system is so big that it takes eight minutes for the sun’s light, traveling at more than 180,000 miles a second, to reach us. Yet the scale of the scenes captured by Hubble dwarfs our notions of largeness. In fact it is virtually—if not actually—impossible to fully grasp the kind of enormity associated with dozens of galaxies portrayed in a single image. Indeed, one could be forgiven for suspecting these pictures to be innovative fakes, created perhaps by some artful student on one of NASA’s computers. Surely, one thinks, the Universe cannot really be that great . . .

If one dwells upon the sheer magnitude of the Universe, its seemingly limitless extent and fractal depth, then another more subtle wonder confronts us. Though it is incredible that the Universe is full of organized structures like stars, galaxies, and shimmering nebulae, more amazing still is our conscious apperception of such a fact. Somehow, and by some means, the physical and chemical laws of the Universe have conspired upon our planet to orchestrate zillions of atoms together in such a way that on a macroscopic scale fully functioning organisms result. And somehow, one such species of organism—we Homo sapiens—has been endowed with a perceptual capacity called consciousness, which can marvel at, and be amazed by, the very big Universe that managed to spawn it. Indeed, had such fine organic orchestration not come to pass and had consciousness not arisen, there would be no one to gasp in amazement at the epic majesty of the Universe—no “wow!” factor as it were. Above us lie billions of suns. Below us lies the same vastness. In fact, whichever direction we consider, we will find the immense depths of interstellar space dusted with suns. We can consciously reflect upon this, consciously know it to be true. Thus it is that our conscious minds lie suspended within a truly awesome cosmos.

Consciousness therefore lies at the heart of both our documentation and our appreciation of the Universe, for without consciousness, the Universe, as we know it, would simply not exist. Well, one might argue that the Universe “in itself” would still exist, but it would not be the Universe with which we are familiar, since the Universe we know is the Universe as focused through the unique perspective filter of the human mind. We cannot imagine the Universe without consciousness. It is only apparent to us through the medium of consciousness. In other words, consciousness is a fundamentally real property of the Universe, just as fundamentally real as the stars and galaxies revealed to us by the Hubble telescope. Attempting to conceive of a Universe devoid of consciousness is little more than a philosophical game indulged in by conscious minds. The very ground of our being is woven out of consciousness. Apart from blood and bone, we—us—are verily made of consciousness, and it is by dint of this fundamental characteristic that the existence of human consciousness within the Universe be just as extraordinary as the things perceived therein.

To really appreciate the fundamental quality of consciousness, however, one has to do a sort of double take. One must catch oneself or others in the act of being beguiled over some aspect of the cosmos and then strive to see that the persons themselves—their conscious apparatus if you like—are just as striking as anything else. No wonder then that some scientists refer to consciousness as the last great mystery. All our thinking, our philosophy, our ethics, our religion, our strife, our lofty ideals, our art, our science, our extensive knowledge about the nature and origins of the Universe—all this results because of the primary existence of consciousness. To paraphrase the eminent seventeenth-century French philosopher Descartes, we are conscious, therefore we think, marvel, love, hate, and muse.

A certain deep question inevitably comes to mind at this point, and this is the reason for the foregoing remarks. Sometimes it is only by framing the right question—seeing the validity of a question as it were—that we can thence seek out important answers and see things that are otherwise not so easily discernible. Actually, the question the reader is asked to consider is a question the aforementioned philosopher Descartes somehow managed to bungle even though he had an active interest in the Universe and the role of mind in the Universe. True, Descartes grasped the prime importance of consciousness with his dictum “I think, therefore I am,” yet he failed to go on to ask the next obvious question. That question is “Why?” Why is it that consciousness exists? How and why did conscious minds like ours come to be? How is it that we can consciously build and launch orbiting telescopes and then consciously delight in the pictures taken? What does it mean for the Universe to have engendered conscious minds? Does this represent some jest? A trick? A strange plot perhaps? Or is mind merely the result of a “jammy” combination of physics and chemistry—a cosmic fluke in this particular neck of space? How much significance can one really attach to consciousness? In essence, is mind a curious lucky accident or was mind planned to emerge in some way?

THE HUMAN BRAIN

The first key point to make is that we are endowed with consciousness because we possess brains. Brains underlie minds just as ink and paper underlie books and computer hardware underlies the computer software and computer programs we use. And quite big and convoluted brains at that—human brains are apparently three times the size of chimpanzee brains (not that this necessarily makes us three times as smart as chimps, of course). This association of consciousness with the brain might seem very obvious, yet even Descartes did not dwell on it for too long (presumably because the neuroscientific study of the brain had yet to emerge at that point in history). As it happens, Descartes thought that the mind was somehow separate from the brain, and many people believe this even today (Descartes believed that the mind somehow interfaced with the body through the pineal gland). Here we have alighted upon the age-old dualistic mind/brain problem. And yet if you care to hit someone hard on the head, then his or her consciousness will doubtless “be lost” (this is what boxers try to achieve in the ring). Or if you infuse the neurons (nerve cells) of a human brain with an anaesthetic compound—which reduces the electrochemical messages being transmitted between neurons—then once again consciousness seems to vanish (it should also be noted that patients who have had their pineal glands removed still claim to be conscious).

Perhaps a more profound indication of the intimate connection between the neuronal brain and consciousness lies with the operation of psychoactive drugs. Walk into any drinking establishment just before closing time, and it will be patently clear that those persons under the influence of alcohol are experiencing a modified state of consciousness. Similarly, a person under the effects of a psychoactive agent like LSD, cocaine, or Ecstasy will likewise be experiencing a dramatically altered state of consciousness. In each case, we see that chemical substances enter the brain, alter patterns of neuronal firing (which are mediated partially through chemical processes), and at the same time alter the quality and quantity of consciousness. This is even true of mild psychoactive substances like nicotine and caffeine. Most of us will know how a strong cup of tea or coffee in the morning can help wake us up. This is because caffeine is a chemical stimulant able to arouse the brain such that consciousness and attention become mildly enhanced.

Consciousness is thus intrinsically linked to the brain—all the evidence points to this, although in Descartes’s day less was known about the brain and its functions. Scientists now think the brain processes information in an analogous manner to the way in which a computer processes information—it’s just that the brain happens to be a biomolecular computing device far more powerful than any man-made computer.

So far so good then. Our deep question about the Universe and about consciousness can now be restated in the following way: Where on earth did the human brain—with its astonishing capacity to substantiate consciousness—come from? How did the Universe manage to give rise to consciousness-embodying brains? If the human brain represents the most complex information-processing device we know of, and if it is literally made of commonly available “bits” of the Universe (such as carbon atoms, for instance), then by what means did it arise? And why? For it surely did not spring out of some large fertile hat or cosmic cereal box for no reason. So this is still a good question and, as the reader will agree, an important one if we are to fully make sense of our place in the Universe at large. Certainly it would be missing the point to live and die without having thought about how we and our conscious brains got here.

THE EVOLUTIONARY IMPERATIVE

The most immediate answer to our progressive question is that the human brain exists because it evolved into existence. At some stage, evolution—the repeated action of natural selection—led to mammalian brains and the gradual complexification of mammalian brains. In other words, over millions and millions of years, mammalian nervous systems have evolved to the point in the hominid line where complex consciousness has emerged (or has been facilitated). Although science might not yet know each and every way in which a living cell monitors and regulates its own DNA, and although science might also be ignorant of certain subtle self-organizing properties of Nature that might facilitate biological organization in some way, it is certainly true beyond any reasonable doubt that evolution has happened, that life began relatively simply and gained in complexity over time, that all forms of life are intrinsically related, and, moreover, that evolution is afforded by means and mechanisms inherent within Nature and not by something supernatural.

Understandably, the public is still digesting the theory of evolution and its various implications. And there would appear to be major signs of indigestion. As I stated in the prologue, half of the world’s most prosperous and most modernized nation refutes evolution. Apart from adherence to religious dogma, another reason that people are suspicious of evolution is doubtless due to a popular misconception. Many otherwise well-educated individuals mistakenly believe that evolution consists solely of chance, that evolution is synonymous with randomness, akin to a sort of lottery. Indeed, it is quite astonishing how often this misconception appears in debates about evolution. In such cases of marked misunderstanding, it is not appreciated that there are two principle components to evolution; namely variation/mutation, which is indeed assumed to be random, and natural selection, which is patently not random since the environment will invariably select precisely those variations/mutations that are more adaptive and that confer a reproductive advantage.

According to the above reasoning, then, evolution appears to be the answer to our question about why brains and consciousness exist. This being so, we might even agree with those who see Darwin’s theory of evolution as being the single most important scientific concept of our time. So can we stop asking questions about the Universe now? Does the buck of explanation stop at evolution? Has the wonder and mystery of our conscious existence within the Universe been vanquished by this line of careful scrutiny? Can the single word “evolution” put our inquisitive minds to rest?

Most biological scientists will answer in the affirmative. They will invoke evolution to explain the existence of complex life and complex brains and then simply brush their hands as if no more explanation were needed, as if the tree of life were the simplest thing in the world to explain. Evolution is touted as a done deal, and we are encouraged to move on to some other phenomenon to ponder over. But these biologists do evolution, and Nature, a major disservice. Indeed, our big question has still to reach a genuinely satisfactory answer. For, feeling a trifle sublime, we might employ our brains next to ask: Okay, if evolution through natural selection has engineered conscious human brains, then from whence originated this extraordinary creative potential? If evolution accounts for the origin of species and the complex biological organs of which they are made, then what is the origin of this origin? How, and why, does Nature have the ability to repeatedly select certain configurations of DNA? Indeed, what exactly is happening when a particular genetic change is favored by Nature? What does it really mean when we say that Nature, or the environment, selects something? And if DNA is a language that underlies bio-logic, then why is Nature endowed with this language as well as the capacity to express it so eloquently and in such a flexible way? Come to think of it, why was the famous genetic code always waiting to fall into place? How on earth is all this remarkable orchestration possible in an apparently dumb and mindless Universe?

These deeper questions about the nature of evolution are probably the least asked by those scientists in the field presumably because such questions, despite their profundity, are deemed to be of no importance to evolutionary theory itself. Regardless of why Nature supports biological evolution, and regardless of what precisely is happening when Nature commits a selective act, the theory of evolution can account for all the varieties of life, and that is all that really matters. According to dogma, it’s all just a simple matter of genes changing over time. Period. Or so they say.

Apart from shedding light on the sense and significance of human existence, the principal reason to ask deeper questions about evolution lies with the fact that evolution is the most astonishingly creative and constructive process we know of. I defy anyone to counter this assertion. No evolution and no DNA-writ life. No life and no organisms. No organisms and no complex biomolecular devices known as brains. No brains and no equally complex consciousness. No consciousness and no us: a Universe devoid of consciousness. It cannot be truly imagined.

Nature’s epic process of evolution is thus responsible for our bodily existence as well as our experience of such a fact. And, for that matter, for the colorful wealth of biodiversity covering the globe. The rose in bloom, the song of the nightingale, the shower of pink cherry blossoms in spring, the elegance of an eagle in flight, the taste of strawberries and cream, even the gaseous composition of the atmosphere—we must acknowledge that the evolutionary process yielded the whole organically molded caboodle. Willy-nilly, evolution built everything that really matters. To state nonchalantly that evolution just happens and that it involves no more than changes in a gene pool over time, or that it is simply descent with modification, is really not good enough. A better and deeper understanding of evolution demands to be brought to the table. Nature is crying out for a more decent appraisal.

THE MEANING OF LIFE

In questioning the fundamental nature of evolution, we are really asking about the fundamental nature of reality, about why certain capacities and potentials are written into the fabric of Nature. And the ways in which we comprehend the nature of reality—so-called paradigms— are important since they can define our existence and can influence cultural drives and cultural value systems. Indeed, it can be said that the primary driving force of a culture resides in fundamental patterns of belief, much of which will be taken for granted. How we conceive of evolution will thus condition how we judge the meaning of life. And how we judge the meaning of life will condition how we treat life and subsequently live life.

The paradigms that underlie our conceptual vision of reality and our understanding of Nature are always constructed from axioms and assumptions. Such assumptions, such givens, are usually tacit, which is to say that they are rarely brought into the light of conscious awareness. They are just there, implanted within our minds from a young and impressionable age and never questioned, since to question those assumptions is akin to questioning the assumptions behind mathematics or the assumptions that paper money has real intrinsic value. However, if such tacit assumptions about reality are questioned and found to be in error, or at least found to be wanting in some way, then a paradigm shift might well ensue. When this happens, an entire conceptual framework of human thought and human thinking can be overwritten with a new set of concepts and underlying assumptions. We should pursue this realm of thought, since, as we shall see, our paradigm about what evolution is and what evolution represents rests upon a questionable dogmatic perspective.

As a way of exploring this issue of unstated assumptions guiding our conceptions about various things, think of the game of chess. The standard game expresses the underlying standard chess paradigm. All games of chess, from the simplistic to the masterly, unfold according to the initial axiom, which determines the precise configuration of all the pieces at the very start of the game. The rules of chess, or unquestioned background assumptions, then determine the moves each chess piece can make (and their powers) and thus allow the game to discretely proceed. The chess paradigm is just accepted, for to question it would be considered, among other things, rude. Certainly a Grandmaster would be thrown out of a chess tournament if he commenced a match by vociferously disputing the very axiomatic foundations of the game.

If, however, we do question the underlying framework of chess and proceed to restructure the game, then this would represent a paradigm shift in the “chess universe” since all games would now be different—the playing field and possible moves will have been radically altered at a fundamental level. One could even come up with a new piece and that, too, would significantly alter the paradigmatic nature of the game (imagine, say, two Trickster pieces, shaped like Jokers, and able to move differently according to which column or row each is placed on at the time).

A more classic example of a paradigm shift is the one instigated by Copernicus and Galileo. Until the Copernican revolution, learned people believed the sun to orbit the (static) Earth. Judging by the sun’s daily course, it seems obvious to the immediate senses that the sun turns around the Earth. But by switching perspectives and realizing that in actuality the Earth orbits the sun, a rather spectacular paradigm shift was unleashed, one that caused humankind to seriously rethink its place within the Universe. It is interesting to imagine what this paradigm shift, or metanoia, must have felt like at the time. For many people, it must have felt as if one of their most cherished beliefs had been ungraciously snatched away from them. For others, the paradigmatic switch may have felt liberating.

This sort of dramatic conceptual reboot also transpired when Darwin introduced the theory of evolution. Darwin, a free thinker bravely unshackling himself from the religious dogma of his day, was questioning things—the rules and assumptions of belief if you like— that until that time had been taken for granted. The prevailing notion that a personal and omnipotent God (albeit Copernican) had created all and sundry in a single solitary act of creation and that species were immutable was tacitly assumed to be true. Such a creed was unquestioned by most people. It was accepted much as we now accept that the Earth goes around the sun and that the rules of chess are written in immutable stone. Darwin turned our normal frames of reference on their head and instigated a paradigm shift whose quakes and aftershocks are still with us. New perspectives can appear threatening, especially to those who cling hard to old and traditional ways of thinking. The main lesson to be learned from paradigm shifts is that we interpret Nature, and that our interpretations, as with interpretations of foreign texts, for example, can be more or less accurate. An erroneous interpretation is akin to an erroneous paradigm.

INTERPRETING EVOLUTION

Our current interpretations of evolution may likewise be in error—not in terms of the chief modus operandi of evolution as Darwin originally glimpsed it, but in terms of what evolution, as a process, really represents. If so, then a paradigm shift may be in the cards. What is of most importance here is whether intelligence is bound up with evolutionary processes. Does the reiterative context/fit aspect of natural selection embody the characteristics of intelligence? Indeed, can evolution be interpreted as an intelligent process yielding intelligently organized and intelligently behaving organisms? And, by extension, is Nature itself, in terms of its laws and its creative potential, an intelligently configured system whose function is to foster and nourish life? In short, is intelligence an essential aspect of the specific way in which the Universe’s informational content flows, moves, and organizes itself?

Although these might seem obvious truths to some, the fact remains that current evolutionary theory does not view evolution as a process bearing the hallmarks of intelligence. Indeed, the very opposite holds true, namely that evolution is considered a wholly dumb process (i.e., no more than mindless and directionless changes in gene pools and gene frequencies) or at least as a process devoid of any quality such as intelligence. I surmise that this is primarily because of the limitations of our definition of intelligence. And yet, if an intelligent process is one that involves gaining information, learning, and making sense, then evolution through natural selection can be seen as an instance of intelligence in action. How so? Well, evolution certainly involves a gain of information—this occurs through the non-random accumulation of implicitly meaningful arrangements of DNA. That learning has taken place is demonstrated by the fact that life has, over billions of years, solved all of the major problems associated with living and being. As to sense-making, bio-logic is the art of sense-making made flesh. Literally. None of us would be alive were it not for the fact that our constituent bio-logic is able to constantly make sense of the environment. Hence the human organism can maintain a core temperature, can absorb food and manipulate energy, can excrete toxins, can synthesize hundreds of specific neurotransmitters, enzymes, and hormones, and so on— the examples of sensible biological behavior are endless. (Although we will be returning to this subject in much more detail in later chapters, the reader should now have the gist of what I mean when I talk about intelligence.)

We should also bear in mind here that an intelligent process does not necessarily need to be conscious. Robots endowed with computer systems can potentially learn about and make sense of their environment. And if a robot can indeed make good sense of its environment and can learn how to behave judiciously in that environment, then it is duly accorded some measure of artificial intelligence—even though, of course, such intelligence is not likely to be conscious. So intelligence does not need to be conscious (one can instead think of unconscious intelligence or even subconscious intelligence). It is rather the case that intelligence involves the capacity to learn and to actively make sense— and this is exactly what, at heart, biological evolution is all about. Life is good at making sense of its environment and that is why life exists and persists.

That our current interpretations of evolution fall short of the mark has been succinctly stated by, among others, noted ecologist Edward Goldsmith:

It is ironic that to explain what are the paltry, not to mention socially and ecologically destructive achievements of scientific and technological man, such as the invention of the internal combustion engine and the atom bomb, we invoke his consciousness, his creativity, and his intelligence, yet we categorically deny these qualities to all other living things, let alone to the miraculous processes of evolution and morphogenesis that brought them and him into being.1

Building upon this wholly warranted criticism that mankind has given Nature short shrift, the following chapters should convince the reader that our current interpretations of evolution are indeed flawed and inadequate—that when we look closely at what evolution is really all about then we shall see that, at heart, it is most assuredly an intelligent process whose essential property is literally to make, or construct, sense (i.e., make smart sensible structures) and that, by logical necessity, eventually had to elicit consciousness in some form or another.

This is indeed a radical interpretation of evolution, but it can be confidently stated at the outset that all the evidence supports it. Indeed, the more closely one looks at Nature and the evolutionary products of Nature, the more easily can one discern the intelligence operating therein. This intelligent or skillful quality of Nature as evinced by evolution can be termed natural intelligence, for that is what it is. It is precisely because of natural intelligence that the refined four-bit digital DNA code has arisen, that organic “machine code” that underlies all forms of life from bacteria to buffalo to bugs. Likewise it is because of natural intelligence that this DNA-based programming language has eventually endowed us hominids with brains blessed with consciousness and the attendant capacity to enthuse over the enormity and expansiveness of the Universe. Natural intelligence is therefore the answer to the question posed earlier, for natural intelligence adequately explains the emergence of evolutionary processes, the complex organisms so produced, the continual refinement of organisms, as well the subsequent emergence of human consciousness.

But before we begin to pursue this new approach to understanding evolution, we must first come to terms with the “old” paradigm, that paradigm currently taught both explicitly and implicitly in all our schools, colleges, and universities. In a way, this entails a step back from what has been said thus far—but only inasmuch as a step back is required before making a leap forward. In the next couple of chapters, then, I will be presenting the old dogmatic way of delineating evolution. In this way, we will be playing devil’s advocate to the new natural intelligence paradigm, or at least setting up the scene whereby natural intelligence can be reintroduced beyond and above what has been said about it so far.

As stated, the commonly harbored paradigm of evolution has it that the emergence and continuous refinement of bio-logic is deemed not to be in any way reflective of intelligence. To be sure, the implication is that Nature is utterly mindless and purposeless and that evolution— while it may yield complex and wonderfully intricate living things—is nonetheless devoid of all and any intelligent characteristics. This entails a Universe that is purely accidental, indifferent, a sort of pointless freak incident that just happens to foster evolutionary processes. According to such a “whoops!” paradigm, as some call it, life really is accidental, hard, and tipped with death and nothing more. The evolution of life and consciousness emerges as a kind of gloriously daft ruse, an apathetic process going nowhere and doomed to eventually flicker out. If, however, we grant that our current understanding of evolution is incomplete, then our entire perspective on life has room to shift and change. Further, to view biological evolution as a naturally intelligent process is to imbue the biosphere with something more than simple wonder. The tree of life, complete with conscious nervous systems, emerges as a kind of monumental organic mirror testifying to, and reflecting, the fabulous intelligence inherent within the fabric of Nature. As the next few chapters serve to elucidate, when the evolutionary process is looked at in proper perspective and in proper context, a conclusion along these lines is inevitable. Any other view that avoids the invocation of natural intelligence simply will not do.


CHAPTER 2
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LIFE
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A Great Organization

Despite its prodigious creative power, evolution is a process that has been seriously downplayed by modern science. The heart of the problem is that science has a tendency to be “merelyistic” in its approach to describing and delineating the evolutionary process and its fruits. Throughout the literature emanating from biologists and evolutionary scientists we find rampant expressions of “merelyism,” in which the various intricacies and subtle organic gestures of life are invariably reduced to “merely this” or “simply that.” The creed of merelyism abounds in popular books about evolution. Don’t be fooled by the apparent design finesse exhibited by organisms, warn evolutionary biologists. It’s not really design, for evolution is as blind as the bats that it generates. Evolution knows not what it does. It has no direction, no purpose, no point; in short, the evolving biosphere is a phenomenon completely devoid of intelligence (unlike us, of course). The evolution of the tree of life must, at all costs, be reduced in its grandeur to “mere blind groping.” Well, not even groping really, because “groping” suggests some small semblance of awareness or intelligence.

Thus it is that we find evolutionary science going to the most extraordinary lengths in its attempt to break evolution up into mindless components. Minuscule and inert parts of the evolving tree of life are proffered as evidence of the dumb and purposeless nature of evolution. It is as if the majority of evolutionary biologists are somehow a bit unnerved by the fact that Nature weaves such organic wonders as thermally insulated penguins, web-spinning spiders, and photosynthesizing plants. Again and again we are told that it is incumbent upon us to be not quite so astonished by the sophisticated design specifications of living things. Show a scientist an albatross able to soar effortlessly through the air and accurately navigate across vast oceans and he or she will invariably reduce the bird to the end point of a very long sequence of non-intelligent events, namely the gradual accumulation of directionless genetic changes. Move underwater and point to a gracefully swimming octopus with shade-changing skin, and the creature is likewise considered to be the product of a long series of blind evolutionary steps. The same blithe sentiments crop up when delineating the exquisite cellular activity transpiring within an albatross or an octopus. Although it is beyond the capacity of the most powerful and sophisticated computer in the world to model the life-affirming protein manipulation occurring in one single cell over the course of but a few nanoseconds, science steadfastly refuses to ascribe any kind of intelligence to the behavior of bio-logic.

Given the truly spectacular legacies of biological orchestration evinced in the tree of life, the merelyistic paradigm currently all the rage among biologists is a distinctly regrettable affair since it ultimately serves to belittle evolution, making light of an otherwise splendid and awe-inspiring process. In the following chapters a rather dramatic shift in paradigmatic perspective will be outlined according to which the evolutionary process can be viewed in a finer and more enhanced light. Moreover, this new paradigm can be delivered without recourse to supernatural forces. The paradigm of natural intelligence stands on its own, needing little more than common sense and a fresh outlook.

Actually, before we begin on this course, the basic psychological principle underlying the paradigm shift can be detailed. For the proposed switch in perspective is mirrored by the switch in perspective involved in viewing that famous face/vase picture. Most people are familiar with this image. It is the picture wherein the simple silhouettes of two faces gaze at one another. Yet a shift in perceptual viewpoint reveals a vase instead of two faces. Which image one sees depends upon the mind’s eye. Neither perspective is false. Both are true, yet one view must dominate, since it is hard to see both images at the same time. With practice, one can readily switch between the two interpretations.
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