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Lister Sinclair 

Good evening. I'm Lister Sinclair and this is Ideas on the 

Gaia hypothesis.  

 

James Lovelock 

Most scientists, for some peculiar reason, are quite naive 

about cybernetics. They don't seem to understand that a 

thermostat operates by an entirely circular logic and it's 

pointless to try and enter it in a cause-and-effect manner. 

And the same is true of the automatic pilot that operates an 

aeroplane, the same is true of you or I, and the same is true 

of Gaia—we are cybernetic systems. 

 

Lister Sinclair 

Twenty years ago, British scientist James Lovelock first 

published what he called the Gaia hypothesis, which 

supposes that the earth as a whole comprises a cybernetic 

or self-regulating system. The name, which evokes the 

ancient Greek earth goddess, Gaia, was proposed by 

Lovelock's neighbour, novelist William Golding. It has 

proved a mixed blessing for Lovelock, lending resonance 

and popular currency to his idea, while at the same time 

making it easier for his critics to claim that Gaia is more 

metaphor than scientific hypothesis. 

 

Lovelock doesn't deny that his claim that the earth is alive 

has a metaphorical dimension, but he insists that his theory 

is entirely scientific. That so many of his colleagues cannot 

recognize this is to him evidence of how narrow and 

specialized science has become. 

 

James Lovelock 

I go back two hundred years to the eighteenth century. I 

would have been completely at home there. That was when 

science was right across the board, it wasn't fragmented into 

sets of disciplines. That alone renders science impotent. As 

soon as you divide it up into a series of baronies run by 

professors, each with its own arcane language so they can't 

talk to one another, you've completely neutered science. 

Back in the eighteenth century, everybody talked to 

everybody and that's the sort of science I like. 

 

Lister Sinclair 

James Lovelock, like his eighteenth-century forebears, is an 

independent scientist. A chemist by training, he has made 

his living as an inventor. It was he who gave the world the 

electron capture detector, which has made it possible to 

detect trace amounts of chemicals in the environment. The 

independence this has given him has allowed him to follow 

his own research agenda. As a university scientist, he has 

written, "I would have found it impossible to do full-time 

research on the earth as a living planet." 

 

Lovelock has written three books on Gaia, the most recent 

and illustrated volume entitled, Healing Gaia: Practical 

Medicine for the Planet. In the fall of 1991, just after this 

book was published, he gave the Weigand Lecture at the 

University of Toronto. Ideas writer David Cayley met with 

James Lovelock during this visit to Toronto and recorded 

tonight's program. 

 

David Cayley 

The Gaia hypothesis has always generated controversy. 

When Jim Lovelock published his first book on Gaia in 

1979, it was praised by eminent scientific generalists like 

René Dubos and Lewis Thomas, but panned or ignored by 

most professional scientists. A recent issue of the journal 

Science quotes Steven J. Gould as saying that Gaia is "a 

pretty metaphor and not much more." James Kirchner, an 

earth scientist at the University of California, says in the 

same issue of Science that "Gaia has implications that are 

either not testable or, when they have been tested, are not 

supported by the data." 

 

This controversy, in my opinion, is not really about facts; 

it's about point of view. More than fifty years ago, a 

microbiologist called Ludwik Fleck wrote a book called 

Genesis and Development of a Scientific Fact, in which he 

argued that facts become facts only in the context of a 

mentality which makes them recognizable as facts. Many 

other people subsequently drew attention to the role of 

what were variously called themes, primitives, or 

presuppositions in the construction of scientific theories. 

Thomas Kuhn put the idea in its currently canonical form 

in his book The Structure of Scientific Revolutions, when 

he used the word paradigm to describe the general 

frameworks within which scientific ideas make sense. 

 

The Gaia hypothesis seems to me to be, in this sense, a 

paradigm, a way of looking at things. William Irwin 

Thompson, in a book about Gaia, called it "a way of 

knowing." What is at issue between Lovelock and his 

opponents are not facts, but whether it is possible or 

proper within the canons of contemporary science to adopt 

such an embracing and holistic point of view. Lovelock 

insists that it is and invites his colleagues to consider the 
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insights such a standpoint can yield, rather than getting 

stuck on the question of its propriety. 

 

The story of how he came to adopt this point of view 

begins in the mid-sixties, when Lovelock was working for 

NASA, the National Aeronautics and Space 

Administration, in the U.S.  

 

James Lovelock 

I was at the Jet Propulsion Lab in California—it's a joint 

NASA-Cal Tech laboratory—in 1965, and I'd been helping 

them with their Mars life-detection program. I think they 

wanted from me sensitive instruments that I'd invented that 

would help them analyze the Martian soil, but I was very 

curious, having a biological background as well as an 

instrument-maker background, about their life-detection 

experiments. Actually, I thought they were very poor and I 

never hesitated to say so, until one very irritated senior 

biologist said to me, "Well, if you're so clever, what would 

you do?" 

 

I muttered something like, "Well, I would look for an 

entropy reduction on the planet," and they said, "Yes, fine, 

but where does that get us?" And I said, "Well, hold it, I'll 

come back in a couple of days after I've thought about it 

with something more practical." 

 

And I thought hard and it came to me that what they 

needed for Mars was just an atmosphere analysis, because 

if there's life on the planet, it would be bound to use the 

atmosphere—especially Mars, because there's no oceans. 

You need a mobile medium to provide nutrients and also 

to have a place to deposit waste products and such a use of 

the atmosphere would be bound to change it chemically in 

a way that would make it recognizably different from that of 

a dead planet, which would be in a state, or very close to a 

state, of chemical equilibrium. 

 

So I went along and told them that and they said, "Gee, 

well, there's some infra-red analyses just coming in for Mars 

and Venus; let's look and see what we can find." And they 

looked and what they found was planets that had 

atmospheres almost exactly at chemical equilibrium. They 

were just dead, exhausted atmospheres—carbon dioxide 

and very little else. And this was very sad, because it was just 

what NASA did not want to know. I mean, they had a 

hundred-million-dollar experiment underway, at least a 

hundred million dollars, possibly more, and the main 

reason for going was to find life. The last thing they wanted 

was somebody saying, "Well, here's proof there isn't any." 

 

David Cayley 

What was the intellectual milieu at that time? Would it still 

have been quite possible to believe that there was life on 

Mars, for example, and what were the kinds of experiments 

that you were so critical of that they were trying to devise? 

 

James Lovelock 

Well, as far as the milieu goes: to put it in Norm Horowitz' 

words—he was the leader of the bioscience team that I used 

to attend—he said (I can't remember his exact words, but I'll 

paraphrase) was, "The discovery of life anywhere else in the 

solar system would be a momentous event and it would 

enlarge our understanding of the universe and of 

ourselves." And I think all of us went along with that. It was 

a gamble. I think most of us felt in our hearts there wasn't 

much chance there was life there, but by God, you were 

going to have a try and see if you could find some. And the 

disappointment that I brought was evidence that there 

almost certainly wasn't, which is not what they wanted to 

know. 

 

There were some very kooky biological experiments 

proposed. We paraphrased one "the flea-trap 

experiment"—where this guy, I don't know what you'd call 

him, a parasitologist or something, had been hired and he 

produced a little stainless-steel cage. He said: "This is my 

life detector." It was a one-centimetre cube, this cage. So we 

said, "How does it detect life?" "It's quite simple: it collects 

fleas. There's flea bait in there and it'll find fleas anywhere." 

So we said, "Well, how do you know there's any fleas on 

Mars?" "Well, it's obvious. Mars is the largest desert in the 

solar system and wherever you have deserts you have 

camels and there's no animal with as many fleas on it as a 

camel. That's it, this is my life detector." 

 

David Cayley 

This is a satire, yes?  

 

James Lovelock 

Yes, of course it's a satire, but it gives you the flavour of the 

kind of experiments that were proposed. People looked for 

the kind of life they were familiar with in their laboratory. 

Who was to know it was there, even if there was life? 

Whereas a look at the atmosphere was much more 

general. Also, it didn't matter where you landed, the 

atmosphere is mixed. You could even land on earth in the 
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wrong place, like the Antarctic icecap, and find precious 

little in the way of local life on the ground.  

 

David Cayley 

How were you led on from this idea that the atmosphere 

would be the thing to look at?  

 

James Lovelock 

Well, the control planet of course, in this argument, was 

the earth, because, if this notion of using disequilibria in the 

atmosphere was right, then the earth ought to have a very 

disequilibrium atmosphere. Now, nobody had thought of 

looking at the earth's atmosphere in this way before, and 

this I can assure you is true. Geologists and people who're 

interested in atmospheric composition thought that gases 

like methane might even be of abiological origin, come 

from the ground, and they saw the atmosphere as a 

geological product, very little to do with life at all. 

 

So the idea of looking at the atmosphere to see if it was in 

disequilibrium was something quite novel. And, when we 

did look at it this way, of course you find that the earth's 

atmosphere is astonishingly at disequilibrium. You have a 

mixture of oxygen and combustible gases like methane, 

which is ridiculous, it represents a degree of disequilibrium 

so large that it's as near infinity as damn it. You can't put a 

number on the computer, it's over ten to the three 

hundredth! It's like the gas mixture that goes into the intake 

manifold of your car: oxygen and hydrocarbons mixed. If 

the composition were different in the amounts of each, it 

would be an explosive mixture. 

 

David Cayley 

Equilibrium and disequilibrium are here semi-technical 

terms, meaning . . .  

 

James Lovelock 

I'm afraid they are, yes. The term really means how much 

energy can you get out of it. Obviously, if you take a 

mixture of hydrocarbons and oxygen, if you combust it or 

heat it, you'll get some energy out of it and from the earth's 

atmosphere, you will. If you heat the earth's atmosphere to 

incandescence and let it cool, you'll get more energy than 

you had before. In Mars' atmosphere, you get no change. 

 

David Cayley 

There's a famous saying of, I think, Thomas Henry 

Huxley's à propos Darwin, which was, "Why didn't we 

think of that?" It seems obvious once you've pointed it out, 

but no one had noticed it? 

 

James Lovelock 

I can't claim any special genius on that account. It's just that 

I was singularly fortunate to have been asked to join in with 

the NASA space program for my instrument expertise, 

which gave me an opportunity to look at the earth from 

outside. You know that wonderful vision of the earth, the 

pearly white-blue sphere that one sees from space; it moved 

us all. It's become a sign almost as potent as the cross. I 

know it's a bit of a visual cliché as well at the moment, but it 

is a great sight. 

 

Well, in the same way, looking at the earth scientifically 

from outside in the invisible wavelength of the infra-red, 

was just as large a revelation. So you had to have gone out 

and looked back in order to understand. Doing it from on 

the ground, you always take the reductionist approach and 

you look at the things near at hand. You look through a 

microscope, not through a telescope. 

 

David Cayley 

So it was the point of view that shifted? 

 

James Lovelock 

That's right. I mean, if you were an ant, how would you 

understand an elephant? You've got to go a long way away 

and look at it through a telescope. 

 

David Cayley 

So how did you then go on from there? Having seen this 

about the atmosphere, how did that lead you to finally 

formulate what you call the Gaia hypothesis? 

 

James Lovelock 

Well, having discovered this giant disequilibrium in the 

earth's atmosphere—I remember vividly, I was in an office 

at JPL with a colleague, Dian Hitchcock, where we'd been 

discussing the life-detection experiment generally—and I 

realized that, if you've got this incredibly at-disequilibrium 

mixture in the earth's atmosphere—oxygen and methane 

and gases like carbon dioxide at such a trace level that it was 

ridiculously low—there must be something regulating them, 

otherwise they would shift in concentration. And we knew 

that they had been constant for hundreds of millions of 

years, so what on earth could keep the composition 

constant? And then, like a flash, it dawned on me that the 
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organisms at the surface must be regulating the 

atmosphere, not just putting the gases in the atmosphere, 

but regulating it; otherwise it could never stay put, it would 

wander all over the place. 

 

And just after that I spoke with an astrophysicist at JPL who 

said, did I know that the sun had warmed up twenty-five 

per cent since life appeared on the earth? And that of 

course meant that the climate also had to be regulated, 

because there was fairly good evidence that the earth's 

temperature had remained constant throughout that time 

and twenty-five per cent is a big rise in heat output from the 

sun. 

 

David Cayley 

Was it then a recent discovery that the solar luminosity had 

increased? 

 

James Lovelock 

It wasn't so much a discovery as a deduction from models 

of the sun and from observations of other stars around the 

universe. I don't think anybody knows for sure exactly how 

much the sun has warmed up, but it's almost impossible to 

make a model of the sun that doesn't show that it warms up 

as it ages. You see, the sun has a kind of greenhouse 

problem, just like we do. As it burns its hydrogen fuel, it 

produces a greenhouse gas, helium, that accumulates in the 

sun's atmosphere and makes the middle hotter. When the 

middle gets hotter, the nuclear reactions go on much faster, 

so, as it gets older and gets more and more helium in it, it 

just cannot avoid increasing in heat and eventually it'll get so 

hot it'll become a red giant and encompass the orbit of the 

earth and that'll be the end of everything. 

 

David Cayley 

So how did this feed in to your evolving hypothesis? 

 

James Lovelock 

You needed not only atmospheric compositional 

regulation, but you needed climate regulation as well and 

clearly the two may be linked, because the amount of 

carbon dioxide in the atmosphere, for example, is very 

important to climate. And we now think that, when life first 

appeared somewhere about 3.6 billion years ago, the 

atmosphere had a large carbon dioxide component—at least 

ten per cent, possibly more—and, over the course of time, 

the system, that's the organisms and the environment, 

gradually pulled it down until, during the last Ice Age, it 

dropped down to a level of only a hundred and eighty parts 

per million, something in the order of a thousand times 

less than it was at the beginning. And, if Gaia is right, that 

progression has been more or less steady throughout. 

We've gone in a series of steps, but it was a fairly steady 

downwards progression throughout the history of the earth. 

 

David Cayley 

If life acted as an ensemble in this way, how did you 

suppose initially that that could happen? 

 

James Lovelock 

I didn't. It was a matter of wonder and mystery. All we 

knew was the earth had a wildly anomalous atmosphere 

and it was anomalous because of the biological products in 

it, not the inorganic ones. So it had something to do with 

life at the surface. It was natural in the early days, twenty 

years ago, because I had joined up with Lynn Margulis 

shortly after that and she was a biologist, to think that in 

some way the living organisms were modulating the 

atmosphere. I now know that this view is wrong, and it later 

came in for lots of criticism from biologists. 

 

It isn't just the living organisms that are modulating the 

atmosphere, it's the whole system—the living organisms, the 

oceans, the atmosphere, and the crustal rocks—that thing 

forms a tightly coupled system that regulates itself. If you 

want an analogy, it's like a beehive. A beehive is made of, if 

it's a man-made one, a wooden box in which the bees live; 

if it's a wild beehive, the bees make their own box out of 

paper that they produce. But if you think of it, that beehive 

is a mixture of living organisms—bees—and inanimate 

matter—the box or the paper nest—but that whole thing, 

bees and box, keeps its temperature constant nearly as well 

as we do, and that's the way we see the earth. 

 

 

 

David Cayley 

Jim Lovelock's claim for the Gaia hypothesis is not so 

much that it's right as that it's fruitful. A theory on this scale 

can never be precisely proved or disproved, it can only be 

shown to be more or less capable of explaining existing 

observations and more or less capable of suggesting new 

things to look for. In these terms, Lovelock says, Gaia has 

already been steadily proving itself for twenty years. 

 

James Lovelock 

The real test, I think, of a theory, which is a development 

from a hypothesis, is (a) that it should have a mathematical 
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background; and (b) that it should suggest experiments that 

you can go out and do. I think Gaia fulfills those two 

standard scientific requirements very well. It's got both a 

mathematical theory and it's suggested many experiments, 

some of which have turned up amazing surprises that we 

would never otherwise have found. 

 

David Cayley 

For example? 

 

James Lovelock 

Perhaps one of the first things that I went out to test on 

Gaia was that Gaia suggests—and this was way back in the 

beginning, 1970—that, if it existed, there should be 

biological processes that would transfer elements like 

sulphur and iodine that were rare on the land surface but 

were abundant in the ocean back from the ocean to the 

land. Otherwise, the land would eventually become 

denuded of sulphur and iodine because there wasn't a 

sufficient supply. 

 

So I went on a little research vessel, the Shackleton, from 

Britain to Antarctica and back and measured the output of 

sulphur and iodine gases from the ocean. To my delight, I 

found that the ocean was giving forth dimethyl sulphide in 

very comfortable quantities and also giving forth methyl 

iodide, both of which were totally unexpected substances to 

find coming from biological ocean sources. It was quite 

contrary to standard geological thinking at that time and I 

was able to show—or, rather, those that followed me and 

repeated the measurements, like Andy Andreae, were able 

to show that the output from the oceans exactly matched 

the needs of the biota on the land. 

 

David Cayley 

Perhaps this is the moment to talk about how this could 

happen? Altruism by the sea biota? How can it be 

explained? 

 

James Lovelock 

Altruism never comes into it. It's always automatic. The 

Gaian systems are just self-regulating systems, which are 

very normal in this universe. After all, a thing like a 

hurricane, which is very much inanimate (but people give 

them names, because they seem to have a character), is a 

typical example of a short-lived, self-regulating system that 

evolves when there's a flux of free energy. Any Gaian 

systems are of that kind, but they're longer-lived because 

they have a memory built into them, which is carried by all 

the organisms that are part of it. 

 

But, if you want the details of how the sulphur cycle works, 

it works like this: The sea is too salt. Big things like whales 

and fish and possibly even large, macroscopic algae living in 

the ocean, can regulate their internal salinity and keep it the 

same as ours, .16 molar, by pumping water in and salt out. 

But with small things like unicellular algae, the microscopic 

things that float on the surface, their surface-to-volume ratio 

is so huge that they would have to expend infinite energy 

doing the pumping, so they've found another solution. 

They stuff themselves full of a peculiar salt called zero 

valence salt. I won't go into the technical details of it, but it's 

a sulphur compound called dimethylsulphonio 

propionate—we won't go any deeper than that—and this 

compound has the magical property of balancing the 

osmotic pressure due to the salt outside the cell with that 

inside. 

 

So the cell is then happy. And, when it dies, the cell breaks 

open and this compound decomposes in the water to give 

off dimethyl sulphide, which is a sulphur gas which rapidly 

oxydizes but its particles go across to the land and return 

the sulphur. That's the way it's done. There's no altruism 

involved. 

 

But there are more subtle things which came out of a 

second discovery. Somewhere about 1979 I think it was, 

maybe a bit later than that, I got together with a German 

oceanogapher, Andy Andreae, and two American 

climatologists, Robert Charlson and Steve Warren, at the 

University of Washington in Seattle, and they had a puzzle. 

The meteorologists knew that the ocean had plenty of 

clouds over it. These clouds of course produce rain on the 

ocean and they change the world climate by reflecting some 

of the sunlight back to space. They wondered where these 

clouds came from. 

 

So I said, "Well, good God, the water. The ocean's always 

evaporating water. Surely you'd get clouds. What's special 

about this?" So Bob Charlson said, "Oh no, it's not as 

simple as that. If you just evaporate water, it'll go up there 

and it'll condense when it cools and come down as great big 

blobs. No clouds form, it just comes back down. You'll see 

this happen in the tropics sometimes." 
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I must admit I remember it happening, but I hadn't 

realized it was what was to be expected. So, I said, "Well, 

how do the clouds form?" And he said, "Well, you have to 

have clowd condensation nuclei, little tiny things floating in 

the atmosphere that are hygroscopic and on which water 

will condense. We don't know of any over the oceans, so 

how do the clouds form? So the first thought was, "Well, 

what about sea salt? Surely that would do it." And he said, 

"Well, we've measured the amount of sea salt over the 

ocean and there's virtually none of it in the atmosphere 

where the clouds form. So it can't be the sea salt." 

 

Then Andy Andreae and I looked at each other and said, 

"Good God, of course: the dimethyl sulphide." When it 

gets in the air, it oxidizes and, when it oxidizes, it forms tiny 

droplets of sulphuric acid and tiny droplets of another acid 

called methane sulphonic acid, and these would be perfect 

clowd-condensation nuclei. So what those algae had been 

doing was not just curing themselves of salt stress, but also 

making a gas that produced clouds over the ocean. 

 

David Cayley 

Nor does the story end there. Lovelock supposes that the 

clouds in turn produce winds and the winds produce ocean 

currents which stir up the sea and bring nutrients to the 

surface for the algae. This would explain what's in it for the 

algae and possibly also provide a mechanism for the 

transport of nutrients from the land to the sea. So far, the 

role of winds in this cycle remains hypothesis, but this year, 

an oceanographic laboratory in Melbourne, Australia, 

released the results of long-term observations over the 

southern oceans which confirmed that the output of 

dimethyl sulphide, the presence of algae, and the formation 

of clowd-condensation nuclei are all linked. 

 

The Gaian perspective has opened many such vistas to Jim 

Lovelock. For example, he has speculated that forest fires 

may play a role in maintaining atmospheric oxygen at its 

current, and long-standing, level of about twenty-one per 

cent. This is approximately halfway between the level at 

which nothing would burn and the level at which everything 

would burn. Oxygen is released when carbon is buried. 

Too much oxygen would mean more fires, hence fewer 

trees, hence less carbon to bury, hence less oxygen. Too 

little oxygen would produce the reverse result: less fires, 

more trees, more carbon buried, more oxygen. 

 

The Gaia theory has also suggested an explanation of how 

carbon dioxide has been taken out of the atmosphere at a 

sufficient rate to compensate for the increasing heat of the 

sun, an explanation which Lovelock finds more plausible 

than the one proposed by most geologists.  

 

James Lovelock 

If you go back to the seventies and read geology textbooks, 

you'll find that geologists say, we can explain the amount of 

carbon dioxide in the air completely. There is only one 

source of carbon dioxide, that's volcanoes. There's only 

one sink for carbon dioxide, one process for its removal. 

That is the weathering of calcium silicate rocks. What 

happens is that the carbon dioxide in the air dissolves in 

rain water and, when the rain falls on rocks, the rocks react 

with the carbon dioxide in the water to form calcium 

bicarbonate, which is water-soluble, and silicic acid, which is 

water-soluble, and these two compounds dissolve in the 

water, trickle through the soil and through the groundwater, 

into the streams and the rivers and down into the ocean, 

where eventually the calcium carbonate is deposited as 

limestone. 

 

That's the way the carbon dioxide goes out of the 

atmosphere, they said. The biota have got nothing to do 

with it. We said, "Hold it"—and we got papers in Nature to 

confirm this—"this cannot be so. If you model it, the 

rock-weathering process is far too slow ever to remove the 

carbon dioxide from the atmosphere fast enough and it 

would keep on building up until it got to five or even ten 

per cent and there would be one hell of a greenhouse by 

then, and we know this hasn't happened. So we think the 

biota actually participate in the rock weathering and that 

they accelerate the process of rock weathering. And, quite 

obviously, they would not do it if it was cold, because they 

don't grow very well when it's cold; and they wouldn't do it 

if it was too hot; so they'll do it best when the temperature is 

about comfortable for them." 

 

So there are the things that are controlling the rock 

weathering, and in a completely Gaian manner. We had a 

little paper in Nature on this and as a side comment we 

pointed out that, if you analyze the soil gases, you'll find 

that there's thirty times as much carbon dioxide in the soil 

as there is in the atmosphere, which, in a sense, proves our 

point that the biota are pumping carbon dioxide down into 

the soil to accelerate rock weathering. 

 

But a couple of years ago, a couple of Americans, Volk and 

Schwartzman, actually measured the rate of weathering of 

basalt rock, in the presence of micro-organisms and in their 
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absence. And, in the presence of micro-organisms, the 

weathering rate is over a thousand times greater, which is 

adequatel to give you a Gaian pump that will keep carbon 

dioxide at a level that gives you a comfortable climate. 

 

David Cayley 

Jim Lovelock has stated his theory in a way which is 

modest, provisional, and open to test. He has already 

produced a battery of ingenious explanations of how Gaia 

might work, many of them more plausible than 

conventional explanations of the same phenomenon, and 

some of them already supported by solid evidence. And 

yet, he has often had a hostile or indifferent response. Even 

now, he says, research which confirms his theory, or which 

was suggested by it in the first place, is published without 

explicit reference to the Gaia hypothesis.  

 

James Lovelock 

The papers are published because it's important science, 

but the origin may never be mentioned because the 

referees will always cross it out. Indeed, in the first paper 

that Charlson, Warren, Andreae and myself published in 

Nature, on the connection between clouds and 

condensation nuclei and algae, one of the referees said, "I 

can find no fault with this paper, but it shouldn't be 

published because, if it were published, it would give 

support to the Gaia theory which is a danger to science." 

 

David Cayley 

I guess this is as good a time as any to talk about this. Why 

a danger? What kind of reception have you had? Why do 

you think you've had that kind of a reception? 

 

James Lovelock 

Well, I try to put myself in the position of the guys that 

come out with these extraordinary, and one can only call 

them unscientific statements. I can see why if I put myself 

in their place, they don't like it. You see, if it's right—well, 

not so much right; that's the wrong word—but if it gets taken 

as a fact, those guys are going to have to go back and 

rewrite all their textbooks and prepare their course work 

for students all over again, because it impinges on so many 

branches of science, right the way down from astronomy to 

zoology, virtually. So it cannot be popular and that's why, in 

general, new theories in science take forty years before 

they're accepted. 

 

David Cayley 

When you published your first book on Gaia in '79, it was 

criticized by Ford Dolittle, who said that this was an 

unscientific theory, because Gaia supposed planning and 

foresight amongst the biota, which made it a teleological 

theory, a theory which implied purpose, and which was 

therefore outside the boundaries of science. Is that a fair 

summation of his criticism? And how did you answer it? 

 

James Lovelock 

I think it's a very fair summation and I think I should add 

that I respect Ford Dolittle; he's a good scientist, and he put 

his criticism very fairly and very decently, it wasn't personal. 

He was quite right to take the line he did, because, as I said 

earlier, when we didn't fully understand Gaia right at the 

beginning, we talked about life regulating the environment 

when we should have said it's the system regulating the 

environment. It may seem a terribly picayune point, but it's 

very important and that's what led to his criticism, because 

he could see no way that life through natural selection 

would ever evolve an altruism to regulate the environment. 

I think he put it in one of his articles, "It would require a 

trades union of the species to meet every year on Mount 

Ararat to decide on next year's climate," which is a fair way 

of putting it. 

 

No, I was very grateful to Ford for that criticism. I must 

admit it miffed me; it made me feel quite small for awhile, 

and I thought, my God, I must have got it all wrong, 

because I respected it. But I thought about it and then, 

suddenly one Christmas—I think in 1981—it suddenly 

dawned on me that I could answer it completely by a 

simple model, which was Daisyworld. And that model itself 

really encapsulates the whole of Gaia theory quite simply 

and has led to an awful lot in itself. 

 

David Cayley 

Can you say simply what it was? 

 

James Lovelock 

Yes, it's fairly easy to explain. All you do is imagine a planet 

that's orbiting a star like our own sun. It's a planet that 

doesn't have much in the way of oceans, but it's 

well-watered and the soil is fertile everywhere on it, and you 

really do a reduction experiment. You reduce the 

environment to a single variable and you reduce the species 

to a single species: daisies. Biologists can't complain about 

that, because they're more reductionist than anybody. 
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Anyway, there's Daisyworld. You've got all these daisy seeds 

spread over a planet like the earth. 

 

Now, in the first embodiment of Daisyworld, the daisy 

seeds were of two species: one was dark and the other light. 

The star warms up, as our sun is supposed to have done, 

and, when it gets warm enough for the planet to have an 

average temperature of five degrees Celsius, daisy seeds will 

start to germinate. And, during the first season, obviously, 

dark daisies will be at an advantage because, being darker 

than the planetary surface, they'll absorb more sunlight and 

be warm when the planet's cold, whereas light ones will 

actually be colder than five and they will hardly grow at all. 

 

So, at the end of the first season, there are many more 

daisy seeds of the dark type left than there are light ones, 

just like Darwinian natural selection. So, at the beginning of 

the next season, dark daisies are off to a headstart and soon 

they're not just warming themselves but their locality, 

because they've spread over the surface. And then, with an 

explosive, positive feedback, daisy population and planetary 

temperature zoom up. It can't go on rising indefinitely 

because when it gets too hot, daisies don't grow, so it settles 

back at about twenty-five Celsius, but that's warm enough 

for light daisies to grow very well as well. 

 

So they start competing with the dark ones and, as the star 

warms up, the smooth competition between dark and light 

ones modulates the planetary temperature so that it always 

stays very close to the comfortable temperature for daisies, 

which is twenty-two degrees Celsius. Eventually, the solar 

output, the sun's output, gets so large that even a complete 

cover of white daisies is too much to keep the planet cool 

and then the system dies. That's the model. 

 

David Cayley 

And can you say how that answered the criticism? 

 

James Lovelock 

That answers Ford Dolittle's criticism completely and 

definitively, because there is no foresight or planning 

involved whatsoever in the evolution of those daisies. It's 

according to Darwinian natural selection and nothing else. 

It is the system that does the regulating, not the daisies: 

that's the important thing to remember. If you cut it up, try 

and separate it into bits, try and be reductionist and look at 

it in sections, you get nowhere. You've got to look at it as a 

whole system. Gaia is a top-down approach to the earth, a 

look at the earth through a telescope, rather than looking at 

little bits of it through a microscope. 

 

And, you see, one of the great values of Gaia, I think, is 

that the Daisyworld model has broken up a logjam which 

has held up mathematical modelling in two major areas: 

one is population biology and the other is biogeochemistry. 

For longer than I can remember, in the case of population 

biology, for at least sixty years, they were limited to models 

of two species only. They could never model more. If they 

put a third one in, it was like the three-body problem of 

astrophysics—the thing went chaotic. In fact, the 

mathematicians working on population biology, like Robert 

May, were amongst the leading mathematicians in the new 

science of chaos, which you've no doubt heard plenty 

about. 

 

Now, what Daisyworld does is it takes those same systems 

of equations that go chaotic and, by putting in the natural 

environmental constraints, they suddenly purr and behave 

perfectly. I've got Daisyworld models with a hundred 

daisies in, with rabbits eating the daisies, and with foxes 

eating the rabbits, and the whole thing purring away without 

the slightest sign of chaos or anything else. And this will 

open up the field for loads of population biologists to 

understand such important things as biodiversity that they 

previously couldn't even look at because their models 

wouldn't work. You could have the biggest computer in the 

world; it's useless because, as soon as the system goes 

chaotic, you just can't deal with it. 

 

David Cayley 

How does Gaia theory relate to Darwinian theory? Does it 

contradict it? Does it add to it? How does it stand in 

relation to it? 

 

James Lovelock 

In no way does it contradict Darwin. All I see it doing is 

adding to Darwin. It's including the environment in with the 

evolution of the species. You see, always in the past, both 

geologists and biologists have taken the environment as a 

given. Things adapt, they said, to the environment. What 

Gaia is saying—and has introduced from the beginning—is, 

no, that isn't so, because organisms change the 

environment. So what they are adapting to, if you want to 

use that word, is not something that geology has given, it's 

something that their ancestors have made. Then, of course, 

it's fed back into evolution. In other words, you can't 
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separate the evolution of the physical environment from 

the evolution of the organisms. 

 

And I must say that I'm not the first to have said that. 

Alfred Lotka in 1925, in his little book Physical Geology, 

had a very trenchant paragraph in which he said: As I see it, 

they will never be able to understand the evolution of the 

organisms unless they include the evolution of the 

environment as well, for the two work so tightly coupled 

together. And then he went on to say: They may think it 

will be simpler mathematically to study the evolution of the 

environment or the evolution of the organisms separately, 

but I think we shall find out in time that this would be the 

wrong approach. Now, he couldn't really have put the Gaia 

theory better, I think, than that. It's all there in that 

statement. 

 

And other scientists, even back as far as the eighteenth 

century, said the same. James Hutton, for example, said: I 

think of the earth as a super organism and its proper study 

should be by physiology. Well, physiology is the systems 

science of the body. So here again we have the same insight 

which has been running through for centuries. 

 

David Cayley 

One of the persistent criticisms of the Gaia hypothesis has 

been that it might lead to complacency about 

environmental threats. If Gaia is so adaptable, these critics 

imagine people thinking, then why worry? This was a 

concern expressed by Ford Dolittle of Dalhousie 

University, whose critique of Gaia was mentioned earlier. 

He wrote in 1981 that he thought, "a lay readership might 

be misled about the extent to which the biosphere can be 

safely abused." 

 

Lovelock has expressed a certain skepticism about panicky 

exaggeration of nature's fragility, but he has not minimized 

threats so much as suggested that concern might not always 

be focused on the right questions. 

 

A case in point is what he calls "the ozone war," on which 

he speaks with some authority. It was Lovelock himself 

who took the first readings, on his own homemade 

equipment, that revealed that chlorofluorocarbons, or 

CFCs, were accumulating in the atmosphere. There 

followed a major panic, which continues, and an even more 

major expenditure of funds on research that was mainly of 

interest to big science. But the risks remain unclear. For 

example: According to a report published in the journal 

Science, at the end of 1988, ultraviolet radiation has 

decreased in intensity continuously throughout the last ten 

years of measurement in the continental USA. Lovelock 

favours controls on CFCs, though more because they are 

also potent greenhouse gases than because of the uncertain 

threat to the ozone layer. But what he really wants is a more 

practical, less panicky and less political approach to the 

environment, which focuses on the issues he thinks really 

count.  

 

James Lovelock 

By far the most serious environmental problem is the 

taking up of natural habitats on the land surface for 

inefficient farming, farming in such a way that you're using 

the land wastefully. This I'm afraid is happening in most of 

the world. 

 

 

 

David Cayley 

Because it destroys the nature of the surface? Because it 

takes habitat? Why? 

 

James Lovelock 

Well, a good example is the Amazon forests. People say 

that the value of the Amazon forests is their biodiversity or 

the fact they might contain trees that would have drugs in 

them that cure cancer. Well, that's not going to stop some 

hard-headed businessman or farmer from chopping them 

down. No, the real value of the Amazon forest that you get 

from Gaia is that it's part of the earth's air-conditioning 

system. That vast area of forest, every bit of it is keeping 

that climate cool and moist—cool relative to what it would 

be if the trees weren't there. You can't have rain without 

trees and you can't have trees without rain—the two are 

tight-coupled together as a single system. Chop down the 

trees and you're going to have a totally different place. 

 

Now there's about a billion people in the Third World live 

in the humid tropics and in those forested regions. If we go 

on cutting them down at current rates, the forest will be 

largely gone somewhere early in the next century. We will 

then have something like a billion people facing conditions 

similar to those in Abyssinia, only it won't be thirty million 

at risk of starvation, it'll be a billion. 
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This is the most awful environmental problem that looms 

before us and the first one that will hit us. And not only that 

but, if you were just callous and said, "Well, tough on them, 

they should have been more careful, it won't affect us up 

here," don't believe it. The climate up here will be affected 

by any change that happens there, that's for sure, but more 

important than that is the huge refugee problem there's 

going to be. It's already being noticed in Europe, and there 

will also be the awful feeling of guilt and responsibility for 

having done this. I think it would be a most devastating 

thing to happen for all of the peoples in the world. By 

comparison, the CFC issue, the greenhouse gas one, seem 

to pale into insignificance.  

 

David Cayley 

Towards the end of the eighties, I began to see a new 

discourse within environmentalism of which the central 

axiom was management. Usually the earth—not specifically 

Gaia, but the whole earth—was the icon of this approach. It 

would very often appear on the magazine cover, let's say of 

Scientific American in 1989—I think it was, "Managing 

Planet Earth." 

 

James Lovelock 

That's right. 

 

David Cayley 

How do you view this presumption? 

 

James Lovelock 

With a great deal of discomfort and a small amount of 

despair. It's rather like the corresponding Christian concept 

of stewardship of the earth and the way I put it is that I 

think it would be safer to let a goat take charge of a garden 

than to let humans take charge of the earth. I think, if you 

follow it through logically, the worst fate, in my reckoning, 

that could happen to humankind is that we should be in 

charge of running the earth; in other words, of being 

ourselves in charge of keeping the oxygen at twenty-one per 

cent and the carbon dioxide at three hundred parts per 

million, and the climate in the comfortable state that it's 

now in—all of these are things we get for free now. To 

displace the natural habitats and try and manage the earth 

ourselves, I think this would be the most awful fate we 

could ever have. 

 

David Cayley 

What in your view, with as many of us as there are, with the 

capacities that we have, would be the alternative? 

 

James Lovelock 

Well, there are some fairly simple ones staring us in the 

face until we can find some better answers and one of the 

first of these, by my reckoning, is to cut down the numbers 

of cattle. There are as many cattle in the world as there are 

people and one beef cattle uses up twenty times as much 

natural resource as one person. So quit worrying about 

people for the moment because that's too difficult, start 

worrying about cattle and just let's make eating beef 

unpopular. I think that would do more to take the 

pressures off habitats, particularly tropical forests around 

the world, than any other single factor. 

 

David Cayley 

In your most recent book, you adopt the image of a 

planetary doctor to go with the image of the earth as, in a 

sense, one body. But, given what doctors have learned to 

do, will it be long before someone will be proposing kidney 

transplants for the earth? I mean, where does that take 

you? 

 

James Lovelock 

Well, you're absolutely right, it takes you in the end to 

another form of planetary management. But, in the 

meantime, I think a new profession of environmental 

planetary doctors would be exceedingly useful in providing 

short-term measures that will solve quite a lot of our 

problems. You see, if you go back to the last century, the 

Victorians were faced with environmental problems just as 

bad as we've got now. There was cholera, typhoid, 

smallpox, and diseases like that. You could get as many as a 

third of a small city die in a few months from those things. 

 

Now, the government in those days didn't go to the infant 

science of microbiology and say, "Find us the answer to 

this," and didn't pour money into research and then sit back 

and wait for them to discover that cholera was a bacterial 

infection. They didn't do that. They went to the physicians 

who were at the sharp end of the battle and said, "What do 

you think?" 

 

And they said, "Well, we don't know what causes it but we 

suspect it comes from dirty water or from the bad smells of 

sewerage or something." And they said, "Right," and they 

sent their engineers in and cleaned up the water supplies 

and the sewage systems and the diseases went away. At the 

beginning I don't think they knew why they went away, but 

they did go away and they were happy. 
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Well, I think we need more of that empirical type of 

approach from a new profession that isn't too worried 

about the scientific niceties but wants to get answers. You 

see, we scientists are not here to give government or the 

public clear-cut answers about things. Quite often 

environmentalists get very cross with us because we won't 

say, "Well, it's a good thing or a bad thing to reduce the 

output of carbon dioxide," because the honest answer we 

have is, we don't know; and we look fools if we don't know 

and our grants stop if we say we don't know. It's a mess! 

What you need is something in between. 

 

 

 

David Cayley 

Let's take your analogy with cholera in the nineteenth 

century in a British city. What today would be comparable? 

What would be the kind of problems that planetary 

physicians would look at and what would be the kind of 

rough-and-ready solutions they might be able to devise 

without investing additional billions in arcane enquiry. 

 

James Lovelock 

Well, don't forget in those days it was a kind of 

combination of doctoring and engineering. The empirical 

solution came from the doctor and the engineers then 

found the answers. The same is true today. For example, 

instead of fretting so much about the carbon dioxide 

building up, let us treat it pragmatically. What's the 

problem? Well, we need energy and the best source of 

energy is burning coal. The problem is that carbon dioxide 

goes into the air. Well, let's stop it. Turn to a chemical 

engineer and you will find there are many ways of burning 

coal which don't produce any effluent at all—no acid rain, 

no carbon dioxide, no nothing. 

 

You'll say, "But surely it's going to cost more." Yeah, not a 

lot, thirty per cent. It's not a great deal and, by the time this 

system has run for awhile, it'll probably be competitive with 

current energy sources—certainly competitive with nuclear, 

with all the regulations that are around it. 

 

And it's that sort of approach, of treating the problem head 

on and doing something about it, that I'm recommending. 

In a sense, the answer to the CFC problem was more of a 

planetary medicine answer. Okay, if CFCs are a problem, 

let's produce refrigerants that have a short life in the 

atmosphere. It's the correct way of doing it, not banning 

things and wild responses like that, getting it 

over-politicized, and getting all the scientists in on the 

action. 

 

David Cayley 

Using the term Gaia for your theory associated 

you—perhaps unintentionally—with a variety of cultural 

currents like the revival of the goddess and religions of the 

goddess within feminism. How has that been for you as a 

scientist trying to do something within science? 

 

 

 

James Lovelock 

As a person, I welcome it, because I have a lot of sympathy 

with many of those movements out there but, as a scientist, 

it has been nothing but trouble, because I think my 

opponents would like to have me as a kind of flaky New 

Age guru type, and I'm not, I'm just an old-fashioned 

inventor and hard scientist—and that's it. 

 

David Cayley 

Jim, thank you. 

 

James Lovelock 

Thank you, David, for a nice interview. 

 

Lister Sinclair 

On Ideas tonight, you've been listening to an interview with 

British scientist James Lovelock about his Gaia hypothesis. 

The program was prepared and presented by Ideas writer 

David Cayley. Technical operation was by Todd Fraracci; 

production assistants: Gail Brownell and Faye Macpherson. 

We would also like to announce that the collection of 

David Cayley's programs on ecology for Ideas is now 

available in book form from James Lorimer & Company. 

It's called The Age of Ecology and it's available in book 

stores across Canada. The executive producer of Ideas is 

Bernie Lucht. 

 

 

Transcription by Hedy Muysson. 


