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What people are saying about

Healthy Planet


The danger is not just more pandemics like Coronavirus. The solution is not just a greener “recovery”. Healthy Planet shows that the fundamental disease is the wrong relationship between people and planet. Climate breakdown and biodiversity loss are far more dangerous than COVID-19. Fred Hageneder does not pull punches about the real state of the world but he charts how we can heal its wounds.


Sandy Irvine, MSc Activist and author, Newcastle-upon-Tyne, UK


Healthy Planet is a very timely publication. Fred Hageneder captures the true wonders and complexities of Planet Earth and all its inhabitants. He knows how much damage we humans have caused, but provides many practical suggestions for creating positive change. His message is clear and will inspire many people to take action before it is too late: together we can, we must and we will save our planet.


Jane Goodall, PhD, DBE Founder of the Jane Goodall Institute and UN Messenger of Peace


A practical and beautiful compendium on the state of the Earth and what we can do to save it.


Prof. Dr. Ernst Ulrich von Weizsaecker Honorary President of the Club of Rome


This is a uniquely critical and simultaneously optimistic book about the future of this planet!


Dr. Helen Kopnina The Hague University of Applied Sciences, The Netherlands


The comprehensive scope and sheer amount of information gathered here is impressive.


Prof. Eileen Crist Virginia Tech, USA


Healthy Planet is a uniquely clear and comprehensive guide to the most important issue of our times, and includes invaluable suggestions for what to actually do about it.


Patrick Curry, PhD Author of Ecological Ethics


With an eye on future generations this book offers practical advice for the wise stewardship of this rare and precious planet—the only home we know. Fred Hageneder has crafted a hopeful and empowering cri-de-cœur for the guardianship of Gaia.


Dr. Kevan Manwaring University of Leicester, UK
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“Healthy people and a healthy planet is part and parcel of the same continuum.”


– Inger Andersen, Executive Director UN Environment Agency, 20201


“Please join me in demanding a healthy and resilient future for people and planet alike.”


– António Guterres, UN Secretary General, 20202


“Urgent and inclusive action is needed to achieve a healthy planet with healthy people.”


– UN Global Environment Outlook, 20193


I can lose my hands, and still live.


I can lose my legs, and still live.


I can lose my eyes, and still live.


I can lose my hair, eyebrows, nose, arms,

and many other things, and still live.


But if I lose the air I die.


If I lose the sun I die.


If I lose the Earth I die.


If I lose the water I die.


If I lose the plants and animals I die.


All of these things are more a part of me,

more essential to my every breath,

than is my so-called body.


What is my real body?


– Jack D. Forbes, First Nation activist, writer and scholar, 19794







Introduction

The Earth is an interconnected web of life. Our species is part of this planetary community, always has been, and will be till the end. The health of the planet is our health.


Already the Greek physician Hippocrates (c. 460 bce-c. 370 bce) knew that public health depended on a clean environment.5 Some two millennia later, this is beginning to be understood at government level and in the UN. Human health, animal health, plant health, and ecosystem health are inextricably linked. We cannot separate ourselves from all life on this planet; no single species can exist on its own. We are part of the very ecosphere we live in: what assaults one also harms the other.


When we poison our agricultural fields we also poison the insects, the birds, the animals, and ourselves. When we dump toxic materials in the sea we expose all sea life to suffering and harm, and just like the fish, the sea otters, the seals, and the orcas, humans end up with liver and kidney failure, immune system breakdown and cancer. Whatever substances we blow into the air, will also be absorbed by our own lungs. By now, microplastics have contaminated the entire planet, and we find particles in the Arctic as well as in our own cells.


One planet. One health.


Humanity is totally dependent on the very ecosphere it is degrading. But we live and consume clearly above our planetary means, we exhaust the “carrying capacity” of the Earth. Population pressure, overconsumption and a ceaseless production of waste bring the life support system of the planet to its knees. The water pathways and the climate are in serious disarray. In arrogance and hubris we have piled ecocide upon ecocide until biodiversity loss turned into a global crisis: the sixth mass extinction in Earth’s history is underway. It’s not the first one, but the first one that is anthropogenic, man-made. And the speed of this biodiversity loss is by orders of magnitude faster than any in natural history.


And yet, even now that we read the unmistakable signs that our house is burning (eco means “home, dwelling”), we cannot seem to stop. In the rush for infinite “economic growth” we rush towards an early grave, not just at the personal but also at species level. By wanting everything for ourselves we jeopardize the well-being of future generations, not just human ones but of all our fellow creatures on this planet.


The next decade will be the most decisive in the entire history of humanity. Will we irreversibly destroy Earth’s benevolent climate? Will we fail to counteract the sixth mass extinction? Will we annihilate our own race? Why are governments and leaders acting so slowly? And what can individuals do?


We have a very few years left to profoundly shift our attitude, presumptions, and direction. This book is trying to provide some inspiration and useful insights to help with this shift. We have the approaches and solutions (and the necessary sustainable technologies) to deal with the mess we’ve made. But we need to wake up and apply them.


This book starts with a holistic picture of the planet, Part I: Living Earth shows how an originally healthy planet works, how its ecosystems evolved and how they interact globally. This is a solid but accessible introduction to Gaia Theory and Earth system sciences.


Part II: Global Disruption looks at how we continue to disrupt and degrade the planetary life support systems. For each area (climate disruption, mass extinction, pollution, etc.) there are both global maxims for action as well as helpful suggestions as to what each one of us can do (admittedly, personal efforts have a ridiculously small impact, but they do add up if many people begin to take responsibility).


But the solution to our problems cannot be found within the old ways of thinking that created them. Hence Part III: The Human Interface tackles the deeply ingrained paradigms that bind us to our deluded dance of destruction. Humanity’s collective mindsets, the underlying philosophies, our inherited values have to change.


We need to re-think and re-feel, to empathize with other creatures, and to honor life again in real and meaningful ways.


A beautiful healthy planet is possible again. Let us make the right choices and take all the necessary steps.


Fred Hageneder








Part I

Living Earth

Planetary Life Support Systems and their Interdependence

Complex regulations and mutual interdependence link together every animal and vegetable form, with the ever-changing Earth which supports them, into one grand organic whole.

– Alfred Russel Wallace, co-progenitor with Charles Darwin of the theory of evolution, 18761







Chapter 1

Foundations

The Earth is not a ball of rock floating through space with some life forms dotted about on its surface. Neither did life occur on a planet that accidentally finds itself in a “habitable zone” (not too close and not too far from a sun), nor did biological life colonize some “niches” to dwell in. A very different picture has emerged over the last few decades that reveals how much the entirety of life (the biosphere) actively maintains the viable conditions on Earth. “The biosphere is not simply in a habitable zone but also makes a habitable zone,” say Earth scientists Eileen Crist and Bruce H. Rinker.1

For the 3,800 million years of life’s existence, the living (biotic) and non-living (abiotic) domains have amalgamized so profoundly “as to form a biogeochemical entity that behaves as a self-regulating system.” (Crist and Rinker)2 In other words, the organisms shape the conditions of their environment to their advantage. And keep it that way. (These are long-term effects of planetary evolution and don’t collide with the notion that individual species have to adapt to circumstances within the timeline of their own becoming.) To make this less abstract:


	Planet Earth when it was young would have lost its water if it wasn’t for the work of myriads of bacteria. Their metabolism released free oxygen or certain sulfur compounds that were able to bind the light hydrogen atoms. Thus the microorganisms prevented the escape of hydrogen into outer space. Without life there would be no water on Earth.

	Land plants and therefore animals (including humans) depend on fertile soil; which would not exist without bacteria gaining and preparing mineral nutrients from the bedrock.

	Did you know that 99 percent of the atmosphere comes from living beings? A fifth of the air is oxygen exhaled by photosynthesizing plants and algae, and four-fifths is nitrogen purified and supplied by bacteria. Without life, Earth’s atmosphere would be a mix of toxic gases, and boiling hot at that. As it is on our living Earth, the elements of the air have only recently existed as parts of living cells.



Note that bacteria play a crucial role in all of the above points; we’ll get back to them later. The last point mentions surface temperature and that is indeed the prime example for the self-regulation of a living planet.

Amidst the vast range of temperatures possible in the physical world—from total zero to millions of degrees—the window suitable for biological life is extremely narrow: zero to 122 degrees Fahrenheit (50 degrees Celsius), with few exceptions, like thermophilic microorganisms living in deep sea vents at much higher temperatures. Because proteins coagulate at 107.6 Fahrenheit (42°C) and hypothermia threatens below 95 Fahrenheit (35°C) body temperature, humans and other mammals have an even smaller window. Plants photosynthesize best at about 73 Fahrenheit (23°C) which sets a mark for the optimum temperature for land-based ecosystems. The optimum for the oceans is 50 Fahrenheit (10°C) or less, which enables the most efficient mixing of surface waters with bottom waters through convection, bringing nutrients to the surface and oxygen and CO2 to lower strata. Putting land and sea together the optimum global average temperature is about 59 Fahrenheit (15°C). This is the ideal working temperature for planet Earth.

When the planet was young its own heat was far too high for living organisms. As it cooled on the magmatic inside, the greenhouse gases in the atmosphere (mostly volcanic CO2) still kept the surface too hot. But over hundreds of millions of years, the tireless photosynthetic work of microorganisms and early plants changed the atmosphere and with it the global temperatures to what we (still) know today. But the amazing thing is this:

Astrophysicists tell us that since life appeared 3.8 billion years ago the sun’s energy output has increased 25 percent. But as we know from geology, paleontology and other Earth sciences, life has been present in an unbroken line since its very beginnings, which means that average surface temperature has always been about 59 Fahrenheit (15°C).

The discovery in the early 1970s of the planet’s obvious ability of self-regulating its temperature led to the new academic branch of Earth system science. The living planet is seen as an interconnected web of eco-systems, with inherent abilities of self-regulation and self-generation. It has been (re-)named Gaia, after the primordial goddess of the Earth in ancient Greece. Gaia is more than a synonym for the biosphere. Gaia is the entirety of the material Earth and all biota (living organisms) on it. This “grand organic whole” is capable of self-regulating the temperature and the chemical and physical composition of the planetary surface in order to sustain comfortable conditions for life. This requires active processes of automatic feedback, the energy for this is supplied by sunlight.3


Gaia Theory and Earth system science

In 1973, the British scientist James Lovelock, who had been working on the NASA Mars program for years, published his first paper outlining planet Earth as a complex superorganism. The “Gaia hypothesis” didn’t have an easy start because it fundamentally integrates diverse fields of science such as biology, geology, oceanography, paleontology, and mineralogy, among others, into one single approach of systems theory. In an age where Western science is deeply “reductionist”, splitting up into ever smaller compartments (biology alone has over thirty), Lovelock’s holistic approach to understanding planet Earth was nothing less than a provocation. Especially for the neo-Darwinists who countered that a planet cannot “evolve” like living organisms.

However, the Gaia approach sparked the development of what today is called Earth system science, which brings together more than twenty disciplines. Around the turn of the millennium, Gaia hypothesis matured into Gaia Theory and is now widely accepted. Particularly noteworthy is the presence of Gaian principles in the swiftly developing climate science. As late as 2012, the computer models of climatologists were rightfully criticized for not adequately incorporating the impacts of the biota, namely forests like the Amazon, on global climate.4 Since then, under the pressure of the harbingers of climate disruption, climatology has adopted many of the Gaian views about the interconnected Earth system. Modern climatology can not be separated from the Gaian perspective anymore. It was high time, but is also an irony: it’s the way it is in kindergarten: only by destroying something, Man can see how it works.



But it is not just temperature; many physical properties of the Earth system need careful balancing:


	global temperatures, weather and climate;

	the salt levels of the oceans;

	
the oxygen content of the atmosphere;

	the (chemical) reduction potential, especially of the atmospheric gases;

	the electricity of the air;

	the acidity of air, water and soil;

	the availability of water on the continents;

	the dispersal of mineral nutrients;

	the strength of cosmic radiation.



The network of ecosystems and their biota is closely interlinked (like the organs in our bodies) and the planetary “metabolism” of matter and energy facilitates Gaia’s active regulation of the above parameters. It is no wonder then that Gaia has been called a superorganism. Using this term to describe Gaia is rather controversial in science because, strictly speaking, an “organism” in biology is by definition able to reproduce, and over generations its species can evolve through genetic inheritance and adaptation. It is true that planets don’t create offspring together but the Earth surely does evolve (see next section).

In layperson’s terms the comparison is fair and square anyway. Just as the cells in our body form organs and tissues which communicate and cooperate with each other to make up the metabolism of our body, so do the animal and plant species form ecosystems which communicate and cooperate with each other to make up the metabolism of planet Earth. Ant and bee colonies are being described as superorganisms. The human body is, and, in a wider view, a human society is a superorganism. And so is Gaia. In all of these, the elements work together and form a whole which is more than the sum of its parts. Both the Earth and our bodies are populated by myriads of bacteria whose constant activities enable the organism to be alive in the first place.

And haven’t Indigenous peoples always held an organic view of Earth, calling rivers and waterways the bloodstream of Mother Earth, the wind her breath, and the rocks her bones? And these are exactly the three domains of Gaia: the sea, the atmosphere and the crustal rock.


The sea

Life comes from the sea. And the sea is still the richest ecosystem with the highest biodiversity. And everywhere water enables all biota to live. Warming in the sun, the surface strata of the oceans generate vast amounts of water vapor which condenses to clouds to bring life-giving rain to the creatures on the continents (although the bigger part rains back into the ocean). But however damp the air, clouds don’t seed themselves. It is the vast fields of algae which emit certain compounds that act as condensation nuclei for cloud formation. Furthermore, the oceans are major players in the regulation of the global climate: the sea absorbs CO2 from the air and is the world’s biggest carbon storage, and the white sea clouds have a high albedo (reflection) which reflects solar energy, thereby keeping the planet cool (see Chapter 5).




The air

Its components created by living beings themselves, the atmosphere is a perfect matrix for exchange between life forms and between ecosystems. Gases, liquids and solids can be shared and transported across this domain. Thus, the non-aquatic biota can find nourishment and also release their waste products. Also, just like the outer bark of a tree which protects the living tissues beneath, the layers of the atmosphere protect the living Earth from harmful influences from outer space. For example, the ozone layer captures 97–99 percent of all ultraviolet radiation. The atmosphere is a dynamic but delicate, thin layer “constantly being repaired and made whole by life itself,” says Australian ecologist Tim Flannery.5




The rock

The mineral world provides foundation, protection and nutrition for biological life. Microorganisms greatly increase rock weathering; the breaking down of basalt rock, for example, happens a thousand times faster with the help of microorganisms than in sterile rock.6 We are used to thinking of the transformation of the rocks of the Earth’s crust as being caused by volcanoes and other geological forces, but 75 percent of the energy used to transform rocks worldwide is provided by living things such as plants, lichens and, especially, bacteria. Their work on the stone structures is three times greater in effect than that of the world’s volcanoes combined.7 Microorganisms reach deep into the rock strata and break it down with the acids they discard. Some of the minerals thus released are further processed to organic compounds which plants can absorb as nutrients. Thus microorganisms create the foundation for fertile soil, one of the true powerhouses of life. Some of the nutrients are washed out of the soil by rainwater and find their way into the water cycle, becoming available for aquatic creatures.




The forests

The forests hold a special position. They are not primeval abiotic domains like the physical expanses of hydrosphere, atmosphere and lithosphere (sea, air, and rock). They are complex ecosystem habitats for myriads of living organisms; in fact, apart from the sea, forests have the highest biodiversity, the highest levels of biomass (leaves, humus), and the strongest impact on regional and global climate. But to begin with, the land was barren…

When life left the ocean, amphibians could only stay close to the shore and tentatively spread along the river courses. But for life to colonize the landmasses of the continents it was essential to ensure a sufficient water supply at any distance from the ocean. Life on land required a method to transport moisture inland from the sea. Rain clouds are a good start, but they shed their water cargo after a maximum distance of about 600km.8 How could life venture further inland? The solution was a biological one: the evolution of forest, a continuous surface cover consisting of tall plants (trees) closely interacting with all other organisms to let rich ecological communities grow. Forests are responsible both for the initial accumulation of water on continents in the geological past and for the stable maintenance of the accumulated water stores ever since.




The underworld

The Earth’s crust is the (more or less) solid shell on an interior which is hotter and in constant flux. The layer beneath the crust is called Earth’s mantle. It consists of silicate rock which is predominantly solid but in geological time behaves as a viscous fluid. The crust is divided into a number of plates which slowly move with or against each other. Side effects of these plate movements are earthquakes and volcanic belts as well as mountain chains.

In the “convergent” zones on the sea floor where one plate dives beneath the other (subduction), basalt and sedimentary layers are being returned into the Earth. Here, basalt rocks sink into depths of 250–400 miles (400–650 kilometers) where pressure (from the weight of the rocks above them) and heat (from nuclear processes deeper inside the Earth) reforge them. Eventually, in the “divergent” zones they will reappear as fresh basalt of volcanic activity.9 If an oceanic and a continental plate meet, however, the latter is pushed up (because the continental ones are lighter) and mountains are formed. At the lower edge new continental granite is formed. Without this process, the continents would disappear completely over several tens of millions of years due to weathering.

During its formation in the divergent zones, the seabed basalt is strongly interspersed with water. This makes it flexible enough for subduction much later on. The metamorphosis of organic limestone deposits also creates an additional “lubricant”. Since these processes which later help to produce the continents require large amounts of water, and because without life on Earth there would be no limestone deposits or water, we can say that life (together with Earth’s internal heat) has always contributed to the formation of continents. The circular Gaian dynamic is: no life, no water > no water, no plate tectonics > no plate tectonics, no life.10

And by driving volcanic activity and continent formation, plate tectonics also release carbon to the atmosphere, thereby preventing the Earth from entering a permanent frozen state.

The whole Earth system including its mighty geological processes is increasingly recognized as intrinsic to life processes. The science journalist Richard Monastersky says in New Scientist: “It is now clear that the separate regions (crust, mantle and core) are engaged in a multichanneled conversation. Across major boundaries and thousands of miles, these sections exert profound effects on one another.” In the same article, seismologist Don Anderson says, “you have to treat the Earth as a system; you can’t just look at a part of it.” And evolution biologist Elisabet Sahtouris concludes that “we can no longer consider the biosphere alone as a meaningful entity, but must speak of the whole Earth, from innermost core to the magnetic fields surrounding it, as one systemic entity.”11




The salt of the Earth

Salt released through the weathering of rocks is transported by rivers and accumulates in the ocean. The riverine amounts are minute (hence we don’t taste salt in freshwater); it takes about 60 million years for the rivers of the world to accumulate an “ocean’s worth” of salt. Marine salinity varies between 3.1 and 3.8 percent, averaging 3.4 percent (i.e. 100 grams of ocean water completely evaporated leave 3.4 grams of salt). 90 percent of sea salt is sodium (Na+) and chlorine (Cl−), other elements are sulfate (SO2−), magnesium (Mg2+ 4), calcium (Ca2+), and potassium (K+).

Living cells control their interior salinity with intricate ion pumps in their membranes. They need to maintain their inner osmotic pressure in relation to their surroundings, and an inner electric potential favorable to their metabolic processes. Marine salinity at 3.4 percent is just perfect for life. The maximum chemical saturation of sodium and chlorine is ten times higher, and should marine salinity exceed 5 percent the membranes of cells would be torn to shreds, and, following the demise of plankton, all life in the sea would die. Geological analysis of the sediment rocks has shown that the salt concentrations in the oceans have not changed over the last 570 million years, and we also know from fossil records that life has prevailed continuously in the oceans. So where does all the salt go? What regulates ocean salinity so precisely?

An obvious answer is plate tectonics. The huge amounts of water absorbed by basalt and being melted back into the upper region of the Earth’s mantle are saltwater of course. But all attempts to model the steady salinity of oceans solely “on the basis of chemistry and physics have universally failed.”12 But there is another dynamic, and once again it involves the biota, and the formation of salt plains in lagoons and sea basins. In warmer regions the water evaporates and leaves a layer of salt. Thick mats of certain bacteria create organic films over the salt which are not water-soluble, hence the returning tide can not dissolve the salt deposit. Vast evaporite deposits of salt rock (halite) exist in the United States, Canada, Pakistan, and the United Kingdom. Furthermore, salts are also incorporated in the shells or corpses of marine microorganisms and find their way to the sea floor sediments. And algae release chloromethane into the atmosphere (compare “The sulfur cycle”, Chapter 3).

But a considerable amount of desalinization happens in the sediment sludge. The small size of bacteria leads us to misjudge their ecological significance. First, there is their density, “just one milliliter of sediment can contain up to 100 million salt-pumping bacteria.” Secondly, their huge collective surface area: although bacteria make up just 10–40 percent of the biomass in sea water, “because of their high surface to volume ratio they represent 70–90 percent of the biologically active surface area.” (Hinkle)13

Flannery sums up the situation of life on Earth: “We can think of Earth’s rocky crust as a huge holdfast, like the lower shell of an oyster, which life has formed to anchor itself. And if we imagine the rocks as life’s holdfast, then we can think of the atmosphere as a silken cocoon, woven by life for its own protection and nourishment.”14 Thus life creates a space for itself between the deadly (radioactive) fire of the planet’s interior and the fatal cosmic rays.










Chapter 2

Origins


Cosmic

Looking at the origins of our planet in the macrocosm helps us to understand the Earth’s relation to the universe and its role as a self-organizing and evolving entity.

According to the Big Bang theory the observable universe came into existence some 15 billion years ago in an instant explosion from an initial state of very high density and high temperature. Energy and matter as well as space and time appeared practically out of nowhere (or another dimension) in an instant of creation. In the next stage the primordial energy condensed into electrons, protons and neutrons, and with further cooling, these particles coalesced into hydrogen atoms.

The Big Bang produced none of the heavier elements. They were forged much later on when stars were born. Their gravity began to fuse hydrogen nuclei together into helium. This process releases vast amounts of energy, some of which is visible light. The universe lit up with their brilliance and for the first few billion years no other elements came into being. But as the stars aged, pressure and heat grew in the largest ones and heavier elements were formed. Carbon atoms were created when groups of three helium nuclei fused. As the stars aged even more, denser elements such as sodium, magnesium, oxygen, and iron were born from the fusion of carbon. Only the very largest stars created even heavier elements than iron.

Eventually, stars die by first collapsing and then exploding. These explosions (supernovae) sent vast amounts of hydrogen and the other early elements—by now also including sulfur and phosphorus—into interstellar space. Some of the elemental clouds that result from this slowly formed new stars, giving rise to new supernova explosions and more newly synthesized elements. About 4.5 billion years ago, our solar system formed from the gravitational collapse of a giant interstellar molecular cloud. Everything on Earth is made from hydrogen atoms which might be as old as the universe, and from heavier elements which were forged in (often more than one generation of) dying stars. Rocks, water, air, trees, humans, birds, dolphins, fungi: we are all made of stardust.




Planetary

From the start, our home planet orbits the sun at just the right distance for benevolent levels of heat and radiation. It has just the right size and therefore gravity to hold the ocean and the protective atmosphere. The configuration and sizes (masses) of the other planets in the solar system are so well tuned that their gravitational forces stabilize the Earth’s orbit around the sun; had any of the masses of the other planets been slightly different, Earth’s orbit could suffer from enormous irregularity.

Yet another fortunate event occurred when a Mars-sized body hit the young Earth and split off what was to become our moon. The moon is critically important for the Earth and her multitude of life because without the moon’s additional gravitational field the Earth axis would wobble chaotically. What’s more, our position in the galaxy is also perfectly tuned: the outer reaches of one of the spiral arms of the galaxy are safe from the sterilizing gamma rays that emanate when super-massive stars collapse in the center of the Milky Way.

Was it pure luck that all the right conditions lined up like this, with each of them against astronomically high odds? Was matter waiting for the right conditions to bring forth an evolving, self-regulating planet hosting a multitude of life forms? In the words of ecologist Stephan Harding, “matter ached to experience itself unfolding into the fullness of the living state.”1

When the Earth was young it was a very different planet to the one we know today. The outpourings of volcanic activity caused chemical reactions with water, engaging the highly reactive oxygen and dismissing the hydrogen atoms. These rose through the atmosphere and, being the lightest atom in the periodic table, escaped the gravitational field of the planet for good. Over one or two billion years Earth would have lost all her water, like her neighbors Venus and Mars, and irreversibly become a dead planet.

At this point, the self-regulating powers of Gaia began to show: life sparked on Earth and changed the course of the planet’s evolution. Two types of bacteria appeared that were able to bind Earth’s hydrogen: one type was able to gain energy by making hydrogen sulfide near the sea floor.2 Another type of bacteria invented photosynthesis, thereby taking oxygen from CO2 and making it available for the creation of new H2O atoms (water).3 Earth’s water could be saved.4

Next, the sea had to be cleaned. The early oceans were a toxic brew, containing high concentrations of metals like iron, chromium, copper, lead and zinc, as well as carbon and other elements. Microorganisms began to use metals as catalysts which speeded up their metabolism. When they died their bodies deposited minute amounts of metals on the sea floor. In the long run, this purged the oceans of the dissolved metals and created sediments with deposits of metal ore. In a similar process, microorganisms created mineral oil and gas reserves (fossil fuels).5

Free oxygen was very rare when the Earth was young; it was only a trace element in the atmosphere. Photosynthesizing bacteria, and later their successors, algae and plants, brought up the level of atmospheric oxygen from near zero to the present level of 21 percent. When oxygen finally began to accumulate in the air a whole new chapter of Earth history began. First, this restless element oxidized methane which had previously been dominating the atmosphere. Oxygen processes made nutrients available that had been scarce before and hence triggered the evolution of ever more complex land plants. They in turn created more and more oxygen—most noteworthy are the gigantic forests of the Carboniferous (ca. 360–300 million years ago). When the air had at least 10 percent of oxygen, larger animals could evolve.

Through the huge forests of the Carboniferous, the production of oxygen and extraction of atmospheric carbon virtually shot over the target: levels of up to 35 percent oxygen and a reduction of the greenhouse effect (sinking levels of CO2 due to its absorption by the megaflora) initiated a massive—and “self-inflicted”—Ice Age (the so-called late Paleozoic icehouse). The first cooling increased the glaciers and polar ice caps, and their increased albedo (reflection of solar heat) led to positive feedback loops (see Chapter 5) which cooled the Earth further. At the peak of that Ice Age6 the world was 10 degrees colder. It took Gaia tens of millions of years to get back to a balanced climate and balanced oxygen and carbon levels. That never happened again; all later Ice Ages had astronomical causes (see box).


Irregularities

Some of the astronomical irregularities of Earth’s movement around the sun also have effects on Earth’s climate:


	Earth’s orbit oscillates between nearly circular and slightly elliptical (oval), with a periodicity of about 100,000 years (called eccentricity).

	The spin axis of the Earth is tilted against the orbital plane; the angle oscillates between 22.1 and 24.5 degrees on a 41,000-year cycle (obliquity). We are currently at 23.44° and decreasing.

	
Precession is a slow, circular movement in the top of the Earth’s axis, so that its projection points around the zodiac in a 25,770-year cycle; currently the North Pole points towards the North Star (Polaris).

	The orbital variations determine the distribution of solar energy around the planet. Eccentricity seems to be the main driver for the periodicity of glacial (Ice Age) and interglacial periods.7
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Figure 1. The irregularities of Earth’s orbit














Chapter 3

The Elements and Cycles


The elements

Looking at the foundations of our planet in the microcosm helps us to understand the Earth’s relation to matter and its role as a self-organizing and evolving entity.

Biotic (biological) and abiotic (non-biological) beings alike are composed of complex molecules formed by the chemical elements of the universe. The smallest units of the chemical elements are the atoms. (We can ignore quantum physics here.) It is widely known that atoms are mostly empty space (99.99 percent), and that those “building blocks of matter” consist not of matter but of energy, of positive and negative charge. Following the common atomic model, most atoms by nature do not have the full set of electrons in their outer orbit. And they do everything they can to make it complete. This they cannot do alone, so they interact with each other, thereby forming molecules and ever more complex molecular structures. So the die is cast for a universe of communication and interconnectedness.

Aristotle said that the universe is run by two mysterious forces: attraction and repulsion. The entire material universe, all physics, chemistry and biology would not exist without this fundamental dance of opposites. And atoms, like humans, are constantly trying to find fulfilment. We don’t necessarily have to think of them as dead, mechanical entities. They have some peculiar characteristics of their own. Of course they always behave in the exact same way when they encounter a particular physical or chemical situation. No matter where in the universe, they follow the laws of physics (so it is believed). But nothing exists in splendid isolation, everything depends on its relationships with everything else. And atoms are very much about relationships. Different relationships reveal different sides to them, often astonishing for us and predictable only when you know what’s coming.

Take hydrogen and oxygen for example. Hydrogen is the very stuff that makes the sun burn, with a heat of 9,930 Fahrenheit (5,500°C) on the surface and millions of degrees at the core. And oxygen is such a dangerous reactive gas that if we had only 4 percent more of it in the atmosphere the entire surface of the Earth would burst into flame. And what is the outcome when these two wild, primordial fire spirits are combined, two hydrogen to one oxygen atom? Cool, mellow, life-giving water. If that’s not a surprise, what is?

There are six elements which are most important for life. They are carbon, hydrogen, nitrogen, oxygen, phosphorus, and sulfur.

Carbon (C) atoms lack no less than four electrons in their outer orbit which makes carbon “a highly cooperative and intensely social being”, in the words of ecological scientist Stephan Harding.1 Complex structures of carbon with oxygen, nitrogen, phosphorus and other atoms form DNA, and proteins, hence carbon atoms are the chemical basis for life. On top of that we eat carbohydrates (sugars, starch and cellulose in vegetables) and dress in them (cotton, linen, hemp). Trees are carbon structures, with half of the weight of dried wood being pure carbon. 18.5 percent of the weight of the human body is carbon.

Carbon is present in two of the main greenhouse gases: carbon dioxide (CO2) and methane (CH4), the third one being water vapor. They affect global climate, plant growth and hence oxygen production.

Hydrogen (H) is the smallest and most simple atom in existence; it only has one electron. A hydrogen atom can either bond with another, sharing their electrons as a hydrogen molecule (H2). Or it can donate its only electron for good to a fellow hydrogen, which makes the donor a positively charged ion (H+), and the receiver a negatively charged ion (H−). “Hydrogen is an airy, flippant creature which would love nothing better than to escape our planet altogether and return to its ancestral domain in outer space” (Harding2). Earth would lose all its water if it wasn’t for the myriads of living creatures who provide enough oxygen to keep hydrogen from escaping. Without water there would be no life—and without life there would be no water.
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Figure 2. The hydrogen atom and its ions



Nitrogen (N) is star-born and part of the Earth since her very beginning. Chemically it encounters its most stable relationship with itself. When two nitrogen atoms have bonded it’s almost for life, and a great deal of energy is necessary to split them again. Nitrogen (N2) is highly unreactive; if man wants to split it to produce artificial fertilizers, it takes a temperature of 930 Fahrenheit (500°C) and a pressure 1000 times greater than the normal atmospheric pressure. However, soil bacteria perform the same task at ease, at “room temperature”, and without contaminating the waters of the living world.

As a key element in proteins and DNA nitrogen is essential for life, particularly for animals: while plants are essentially carbon structures, animals like us are characterized by a nitrogen architecture.

Nitrogen forms 78 percent of the atmosphere of the Earth. Oxygen (O) has a fierce reactivity with other atoms. Because of this, oxygen was only a trace element in the atmosphere when Earth was young. Over 3.5 billion years ago, cyanobacteria began to produce free oxygen through photosynthesis. They could not offset the oxygen absorption by tectonic and volcanic activity for a long time, but gradually their tireless activity bore fruit and free oxygen levels increased.

Our entire mammalian metabolism depends on oxygen: it is called oxidative metabolism because our bodies gain energy from the reaction of our food stuffs with oxygen. But all the while, oxygen is a continuous hazard. As a side effect of this chemistry, our cells are exposed to the toxic effects of free radicals. From our distant bacterial ancestors we inherited a number of tactics (antioxidants) to deal with these dangerous substances, but the price is high, oxidative stress on the cells is believed to be a key factor of aging. Living on oxygen is like playing with fire…

Among the elements, oxygen is indeed particularly correlated with flammability. Below 15 percent oxygen in the air, nothing would burn (but we wouldn’t notice because our brains would shut down). At 25 percent, combustion is instant and so ferocious that even the damp wood and wet leaves of a tropical rainforests would ignite.3

Phosphorus (P) is absolutely indispensable for organisms. Not only is it required in the structural framework of DNA and RNA, and for the energy transport in photosynthesis, it also links with carbon and nitrogen to form the adenosine triphosphate molecule (ATP) which is the prime “currency” for energy exchange in the body. It gets into circulation in the ecosphere thanks to soil bacteria breaking down phosphate rocks. They were created millions of years ago by marine microorganisms and now they sustain the entire ecosphere.

Sulfur (S) is an essential component of all living cells. In plants and animals, sulfur is present in certain amino acids and in all polypeptides, proteins, and enzymes that incorporate them, and also in vitamins, and antioxidants. Surprisingly, sulfur is either the seventh or eighth most abundant element in the human body by weight (about equal to potassium); a 70kg (150lb) human body contains about 140 grams of sulfur. In Earth’s metabolism, sulfur occurs naturally and abundantly in its pure form or as sulfide and sulfate minerals.

Many other elements are crucial for the biosphere. After the six big players described above there are three which occur on a smaller scale but aren’t any less important for human and non-human animals:

Calcium (Ca) is vital to the health of the muscles, the circulatory, and the digestive systems. It supports synthesis and function of blood cells, regulates the contraction of muscles, nerve conduction, and the clotting of blood. The Ca2+ ion forms stable bonds with many organic compounds, especially proteins. Calcium plays a particular role in the formation and maintenance of teeth and bones.

Although calcium is essential for life it is highly toxic in the free ionic state. Already in the early oceans, bacteria and microscopic algae began to convert the dangerous calcium ions into insoluble calcium carbonate (CaCO3) to make shells for themselves. This did not only reduce the dangerous calcium levels in their cells but also increased protection of their organism immensely. Later, higher animals (including us) adopted the same trick of keeping most calcium out of cell metabolism by using it for bones and teeth.

Iron (Fe) is the central atom in the heme molecule which occurs in hemoglobin (the oxygen carrier in red blood cells), and other heme proteins which participate in transporting gases, building enzymes, and transferring electrons. Iron is also present in certain molecules called cofactors which assist enzymes in biochemical transformations. In Gaia’s metabolism, iron is important as a component of various rocks, for example hematite (Fe2O3) and magnetite (Fe3O4). Surprisingly, living organisms can produce magnetite, and tiny amounts of it can be found in bacteria, insects, birds, reptiles, fishes and mammals who use it for geomagnetism-aided navigation,4 and it has also been found in various parts of the human brain.5

Silicon (Si) tends to make long chains with other silicon atoms and/or bonding with oxygen, for example in the silicate ion (SiO4). The silicate ions link up again to silica (SiO2) which occurs in the highly ordered, spiral configurations of quartz crystals. Quartz is the second most abundant mineral in the Earth’s crust, being part of the granite bedrock of the continents. The human body needs silicon for the production of elastin (a highly elastic protein for the blood vessels) and collagen (a protein for tissue regeneration), hence silicon is known to be good for the health of nails, hair, bone, and skin.




The cycles


The carbon cycle

When the Earth was young gigantic amounts of carbon entered the atmosphere through the activity of volcanoes and the weathering of volcanic rock. The oceans absorb a large part of this carbon dioxide (CO2), and rivers deliver more carbon compounds (from the breakdown of rocks) to the sea. The continuous influx of carbon is balanced by marine organisms, especially plankton, algae (like Emiliania, see below), and corals, which when they die deposit huge amounts of calcium carbonate (CaCO3, better known as chalk) on the ocean floors. There the bodies become part of the ground layers which over geological time get compressed into sedimentary rock: limestone and chalk rocks (such as the White Cliffs of Dover in Kent) are organic, originating from marine life.

On land, trees and plants filter vast amounts of CO2 from the air, split the molecules, release the oxygen and use the carbon to create sugar compounds. These can transfer and store the captured solar energy. Plants use them for the maintenance of their bodily functions, and when they die share it with other life forms.
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Figure 3. The natural carbon cycle

(1) Volcanic activity releases CO2 into the atmosphere. (2) Land plants capture CO2, carbon is bound in their bodies and sequestered in the soil. (3) Rivers carry carbon compounds to the sea. (4) A large part of volcanic CO2 is absorbed by the sea. (5) Algae and other maritime creatures fix carbon either by photosynthesis or by making shells combining carbon with calcium (CaCO3). (6) Myriads of dead shells sink to the sea floor, and their deposits eventually get compressed into sedimentary rock. (7, not shown) Humans and other omnivores return some carbon to the atmosphere by exhaling CO2 and emitting methane (CH4). (8, not shown) With the movement of the tectonic plates, the sedimentary rocks are transported back into the liquid magma of the Earth’s mantle where they get recycled. Perhaps after 300 million years a carbon atom might see the light of day again when a volcanic eruption sucks it out of the depth.



Since CO2 is a primary greenhouse gas (GHG), the biota (forests and land vegetation, plankton, algae, corals, also molluscs and crustaceans), by helping to create carbon sinks, play a huge part in Gaia’s management of global temperature. Due to their microflora, the oceans are the world’s largest depository of CO2.

But a planet populated by plants alone could not live long either. In a few million years they would reduce atmospheric CO2 to dangerously low levels and, by eating the blanket that keeps the Earth warm, would turn the planet to a permanently frozen state (Snowball Earth).6 That’s where we humans and the animals come in, and even more so the “fermenters”, the scavengers of the bacterial world who live on the excreted matter or dead bodies of the “primary producer”. All of us scavengers use organic matter produced by plants (and other primary producers such as algae and bacteria) and release some of the carbon again into the atmosphere. Thus the carbon cycle finds its equilibrium.




The water cycle

The water cycle gives life to all of us. How marvelous it is that the rainwater finds its way to the rivers which take it to the sea where water evaporates again and forms rain clouds which, by the grace of landward winds, bring us life-giving rain again.

Less known, however, is the role that biomes (communities of plants and animals) play in the water cycle. Water vapor on its own hardly forms clouds, it needs cloud condensation nuclei to kickstart the process. Some dust particles in the air might do the job, but it is particularly algae and forest trees which emanate certain compounds that function as condensation nuclei. Trees release chemicals called terpenes that actively speed up cloud formation. The particles released by pine forests, for example, double the thickness of clouds some 1,000m above the forests. These clouds will carry life-giving rain elsewhere, and on their way the white clouds reflect sunlight (an effect called albedo) and cool the Earth.

But trees do not only practice active cloud seeding, they produce the moisture in the first place. Trees pump up so much water from the ground and evaporate it through their leaves that the air above woodlands is saturated with moisture. New clouds can form—not ocean-born but “wood-born”—and drift further inland. In this way, the Amazon rainforest recycles the rain from the coastal belt five to six times until it reaches the Andes on the other side of the continent, some 4,000km away. The Amazon rainforest creates about twice as much water vapor as the neighboring Atlantic Ocean. And while most of the rain from the high seas returns to the big water, the tree-born clouds drift further inland and water an adjoining “belt” of woodland. Forests are rain-makers. And the clouds they generate are an essential part of the global cooling system.7

In the sea, most algae and also coral reefs emit DMS, a sulfur compound that helps with cloud seeding (see “The sulfur cycle”, below).




The nitrogen cycle

Atmospheric nitrogen needs to be “fixed” into a form available to plants. Most fixation is done by free-living or symbiotic so-called nitrogen-fixing bacteria who combine it with hydrogen to produce ammonia (NH3). Two groups of so-called nitrifying bacteria successively produce nitrites (NO−2) and nitrates (NO3), thereby guaranteeing a constant supply of N to all plants and animals. Plants can absorb nitrates or ammonium from the soil via their root hairs. Animals get their nitrogen from eating plants. Animal excretions and dying plants and animals return N to the soil where fungi and bacteria convert the organic N into ammonium (NH+4). Nitrifying bacteria change ammonium into nitrites, then nitrates again which can be absorbed by plants again. Or it gets into the loving hands of denitrifying bacteria who can convert nitrates to N2, releasing nitrogen back into the atmosphere. Oxidation also returns N from nitrates and ammonia into the atmosphere. (You don’t have to understand all this, it’s meant to give you a feeling for how much is going on in a fertile, healthy soil.)

In the sea, the nitrogen cycle is just as important. While the overall cycle is similar, the players are different. For example, the plants’ position is held by phytoplankton, and nitrogen fixation is performed predominately by cyanobacteria.

This might all seem insignificantly small to you, but the total nitrogen flux of Earth’s metabolism is about 500 megatons a year (for comparison: the volume of the carbon cycle is 800 times bigger).8

From Gaia’s perspective, nitrogen needs to be kept in the air at its high level of 78 percent. Its collective weight sustains the atmospheric pressure which is a base parameter for all physiological events on Earth. And it serves as a chemical diluent, without which the levels of other gases would rise too much.




The oxygen cycle

Since oxygen is such a highly reactive gas it would mostly be “used up” and is very rare in the atmosphere; as was the case when the Earth was young. But the plant kingdom (forests and algae) and colonies of cyanobacteria in the sea permanently maintain the atmospheric oxygen level at about 21 percent so that it can support animal life. Today, the Amazon rainforest alone produces about 20 percent of the world’s oxygen, the algae in the world ocean produce 40 percent. Conversely to the carbon cycle, it is animals (including humans) who use up a lot of the oxygen supplied by the plant kingdom and thus participate in creating a global equilibrium. The energy provided by oxygen allows us to move and birds to fly. Because of oxygen the sky is blue and clear, and the Earth from outer space looks like a beautiful blue marble.





The phosphorus cycle


Phosphorus, the “light-bearer” (from ancient Greek phōsphóros), is of central importance to life, being present in the energy-storing molecule ATP as well as in DNA. Its natural source is the weathering of rocks, and its odyssey through the living worlds ends on the sea floor where it becomes part of sediments which eventually get reabsorbed into the magma of the Earth’s interior. Hundreds of millions years later phosphorus can reappear on the surface, in newly rising rocks of continental plates. Soil bacteria make the phosphates available for the biota on land where it can circulate for some time. It is rare, however, and its scarcity often limits plant growth.

Those phosphates carried by the waterways to the sea are the only original source of marine phosphorus. Ocean areas far removed from land have limited phosphorus availability, but even in those closer to land phosphorus is a precious element. Phosphorus is the “gold of the biological world.”9 The Phosphorus circulation is rapid. Phytoplankton (from Greek phyton, “plant”, and planktos, “wanderer, drifter”) of all sizes, down to the microscopic picoplankton, absorb the biologically available phosphate ion (PO3–4). After death, phytoplankton who don’t get eaten by fish sink into the deep ocean where the precious phosphorus eventually would be lost to the sediment layers on the ocean floor. Therefore a host of bacteria species quickly gets to work to recycle the organic phosphorus from all sorts of dead organic matter, keeping it available to sea life.10




The sulfur cycle

The continents continuously lose sulfur because rivers annually carry millions of tons of it to the sea. Marine life has no shortage of this nutrient but Gaia had to develop mechanisms to ensure the return of sufficient sulfur amounts to the landmasses. Most algae and also coral reefs emit DMS (dimethyl sulfide, (CH3)2S), the most abundant biological sulfur compound emitted to the atmosphere. Its oxidation in the air eventually leads to aerosols which act as cloud condensation nuclei. This extra cloud formation has a global cooling effect and with the rain it brings precious sulfates (SO2–4) to feed the plants on land. It also has a multiple positive feedback on algal growth: clouds locally shade the water (algae prefer cool waters), and they increase wind velocity which stirs the depleted surface waters and mixes them with the deeper nutrient-rich strata. Apart from this immediate reward for the algae (which supposedly led to the evolution of this system) the sulfates on land increase the rate of rock weathering and therefore plant growth—plants which will make more nutrients available which in time will also reach the algae. Thus the sulfur cycle is regarded as mutually beneficial for land- and sea-based ecosystems.11

These are not even all of the purely elemental cycles of Gaia. The above introductions are extremely simplified, and the overlaps between them are not covered. As an example for complexity and interconnectedness, here is a brief portrait of a tiny creature that participates in the global effects of the carbon, water, nitrogen, sulfur, calcium and phosphorus cycles:


Emiliania huxleyi is a single-celled marine alga that lives near the surface of cold oceans among the wider phytoplankton community. Its diameter is 4/1000th of a millimeter (4 microns). Emiliania is the most abundant species of modern coccolithophores (“carriers of little stone berries”, how cute is that?), the coccoliths being the tiny wheels which make up their exoskeleton. They’re made of calcium carbonate (chalk, CaCO3). Since CaCO3 is transparent, the cell’s photosynthetic activity is not compromised by this protective encapsulation. Even better, its transparency allows coccoliths to scatter more light than they absorb, resulting in surface waters becoming brighter. This means they share the sunlight with the other members of the phytoplankton community. Also, the higher albedo of the surface waters reflects more sunlight (a global principle for cooling the planet, see next chapter). Additionally, coccolithophores emit DMS and contribute to cloud seeding. And last not least: When these tiny helpers die they release their nutrients (nitrogen and precious phosphorus) but take the chalk (CaCO3) with them to the seabed. In this way, myriads of coccolithophores over millions of years helped to cool the early planet by sequestering carbon (one cubic centimeter of sedimentary chalk contains about 800 million of them). Emiliania is still doing it.12














Chapter 4

Communities and Networks


The matrix of life

The ecosphere which we are a part of is permeated by the Earth’s magnetic field “and its occasional perturbations caused by interaction with solar wind plasma.”1 Local geomagnetic fields are also modified by atmospheric electricity (and nowadays by artificial electromagnetic radiation, see “Microwaves” in Chapter 10). Electromagnetic fields influence our fundamental biological processes, even with their most subtle fluctuations. In plants, for example, magnetic fields have been shown to modify seed germination and affect seedling growth and development in a wide range of plants, from grasses, cereals and other (industrial) crops, herbs and medicinal plants, vegetables, fruits, and trees. Science is just beginning to investigate the “definite role of electromagnetic and geomagnetic fields in biological regulation, including regulation of gene expression patterns in any living being.”2 (My italics)

All life forms are finely tuned to the Earth’s magnetic field which enables them to navigate three-dimensional space as well as geographical distances, to receive signals and communications, and some to even track food sources. Electromagnetic receptors have been found in innumerable species and allow them to respond to even minute changes in magnetic field intensity. There are two main types: a) the magnetite-based magnetoreception systemA which is used by dolphins,3 sockeye salmon, algae, migrating birds, ants, bees, and bacteria; and b) the chemical magnetoreception systemB which is used by some migratory birds, the monarch butterfly, and some other insects.C,4

Honeybees, for example, have magnetite crystals located in their abdomen that serve as a compass to navigate the Earth’s magnetic field, and thereby never get lost between their hive and memorized flower stands.5 Hornets (Vespa orientalis), when building their nests, glue a tiny crystal to the roof of each hexagonal cell. These magnetic crystals form a network that helps with the architecture of the nest, and with orientation too.6 Robins (Erithacus rubecula) have a magnetic compass in both eyes and can therefore “see” the Earth’s magnetic field and navigate it.7
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