


We dedicate this book to 
all of us who have contributed to the destruction of forests, 

to the future generations that very likely will never see them, 
and especially to the people 

who are working hard, day by day, to conserve these invaluable ecosystems.

If we wish to preserve the continuity of life as we know it, 
we need to create a new culture 

that acknowledges and respects the value of forests 
as a community of life. 

The survival of future generations of humans and 
all other species on this planet depends 

on such a new culture.
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In Mexico, as in the rest of the world, today it is indispensable to
protect our valuable, but limited natural resources.  We all have an
obligation to find a path allowing us to enjoy the benefits offered 
by nature and, at the same time, acknowledge nature’s ability to
enhance contemporary humankind and future generations.

This is by no means an easy task, but we can accomplish it.  We
have the technology, organizations, and economic tools required to
protect our environment.  What we must do is transform, right now,
the way in which governments, enterprises, and individuals address
this issue.  We can not put this process off any longer.  We need the
will and commitment of all the actors playing a determinant role in
caring for, developing, and respecting the environment.

With this book, Grupo Modelo wishes to help foster a culture 
of greater collaboration to protect the environment.  The book is 
a collection of seven articles written by authors with a vast
knowledge of one of our most cherished natural resources: water.
These essays were prepared by experts from different disciplines
and distinct nationalities; they each approach this subject from 
their particular perspective.  Science, literature, history, politics, 
all in relation to water.

Without water, there can be no life; life is water.  The water we
use at home and for our plants and crops, the water falling from 
the sky, the water that produces energy, propels engines, cools,
heats, and cleans, and the water we drink all generate life.

If the presence of water is synonymous with life, its absence,
without a doubt, is synonymous with wastelands, deserts, and
death.  And just as the exuberance of life flourishes thanks to water,
without it, immediately there is aridity, sickness, poverty, despair,
emptiness, and nothingness.

In Mexico, some regions are very lucky to have an abundance of
water, but other zones are most unfortunate due to the grave lack 
of this resource.  In the southern part of the country, mountains,
tropics, and rainforests offer a great wealth of water. In contrast, 
the north is dry, often flat, overwhelmed by high temperatures, 
with numerous industries but very little water.

At Grupo Modelo we have a very close relationship with water,
which is our main input.  With water we manufacture all of our beer
in Mexico City and in the states of Zacatecas, Jalisco, Oaxaca,
Sonora, Sinaloa, and Coahuila.  We also use it to malt barley in
Tlaxcala, the Federal District, and Zacatecas.  Water serves as a
nutrient to grow the corn and rice we also utilize to manufacture

our products which we very proudly export to the 150 countries
where consumers 
have honored us with their preference.

Because we have such an important association with water, 
we are conscious of the fact that the problem of conserving and
caring for it is increasingly complex.  Today we must strive to find
ways of moderating the demands we impose on water so we 
may guarantee supplies.  By its very nature, water is one of the few
substances whose proper management and use can ensure its
availability in the future.

Thus, water is a renewable resource only if we treat it with
respect and if we consume it responsibly.  It will soon become a
non-renewable one if we waste it, pollute it, and fail to return it to 
its original sources for the benefit of all.  No other natural resource 
is as flexible, malleable, powerful, and benificent.  However, it runs
the risk of becoming just another victim of indifference and
irresponsibility.

We need to be fully aware of the risk run by our natural
resources, and work side by side to protect and manage them.  
We must design and implement business and government policies
enabling us to employ our resources wisely.  Not only should we
protect ecosystems, but also conserve and restore them.

This book is an invitation to reflect upon the actions we must
take to improve and truly appreciate our essential relationship with
water.  We sincerely hope it inspires all of us to work together to
protect the environment and natural resources.  That is part of 
the commitment Grupo Modelo took on quite some time ago, and
which we now reaffirm.
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As the sky lit up with the first light before dawn, the group of 53
adults and 12 children concluded their chants and rituals in front of
the bonfire, asking their mythical ancestors for permission to cut two
trees in the forest and use their wood to rebuild their ceremonial
house, just as they do without fail every five years. So we went off into
the woods in a joint sprint with all the pilgrims together, as if
attracted by a magnetic force. We went by lots of trees until finally the
entire group approached one that seemingly was calling to them.
When they reached it, they embraced it and cried, and then cut off a
piece of its bark and smeared the living part of the trunk with sacred
deer’s blood. That day and night, in front of a fire that was lit as sacred,
they sang and prayed, asking forgiveness and permission to cut the
trees. Once they had been placed in the center of the sacred area
after numerous ceremonies, those two trees were to symbolize the
horns of their forefathers who had created life: the deer.

For years, the main objective of my life has been to search for
natural beauty. My relationship with this planet is through the
aesthetic values created by light, which is the raw material of my
photographs. In my early days as a photographer, I conducted
research about the permanence of pre-Hispanic cultures in
contemporary Mexico. The high point of that search were the three
years I spent in pilgrimage with the Huichol, or Wirrarika, indigenous
community. Pilgrims in this ethnic group maintain contact with the
profound roots of shamanism. With experiences such as the felling
of the ritual tree, I learned to experience nature not as a distant,
removed object, but as a family, a community of interrelationships
upon which we human beings depend, as do all the other species
and organisms on this planet.

When I had finished my commitment with that pilgrimage, I
lived for a year in the Lacandon rainforest in southern Mexico. 
I devoted my efforts to looking, indefatigably, for light, which in that
tropical forest is minimal and ephemeral. That was a year of deep
reflections that transformed my perception of Earth. I understood, 
in my own being, the vital relationship between an imperceptible
fungus and a majestic tree. I thought about the significance that
forests have for humans, and that they were here on the planet
before us, appearing some 370 million years ago. 
I also reflected upon the way in which civilizations have depended
on forests, cultivating, exploiting, and even devastating them.
Forests have been sacred places in the same way that they have
been considered as profane sites.

For the past seven years, as a photographer and editor of
America Natural –a communication agency that promotes the
intrinsic value of nature and its conservation, which I co-founded
along with Ximena de la Macorra and Jorge Sandoval–, I have
traveled without interruption through the forests of the American
Continent, from Tierra del Fuego to Alaska. This has not been a
linear voyage, but rather a search for moments in which the
beauty of these forests is expressed to the maximum.
Unfortunately, most of the forests I visited are now only relicts,
with portions no larger than 4% or 5% of their original extension.

Our present culture has reduced forests to the role of wood
purveyors. It measures them in terms of cubic meters of
productivity, and destroys them, leaving only rocks and
desolation. Forests as habitat are disappearing without any
concern for the rights of the species that live there, of the worlds
that evolve in them. It would seem that only our right to exploit is
what counts.

In the early twenty-first century, we are undergoing a
planetary crisis: humankind is increasing its population,
production, and consumption, overappropriating nature,
devouring this planet’s natural wealth. With all our capacity and
high technology, our actions have transformed the atmosphere
and the climate, polluting water and each and every corner of the
planet, while also devastating forests.

The time has come to take a very serious look at ourselves, to
realize that in our growth as a species we have destroyed
communities and life processes that took billions of years to
evolve. This is the moment for us to recognize that we are
experiencing an unprecedented environmental crisis.

It is the wish of every person who has participated in the
publication of this book to present forests as living communities,
through images and texts that reveal the beauty of their multiple
facets. Our intention is to communicate the power of joint efforts,
of the interrelationship of countless organisms where each is
necessary for the survival of these communities.

If there is anything to be learned from forests, it is that we do
not live in isolation. Each of us is an inhabitant of Earth and
member of a community of interrelationships. Every action we
take, however small, has an impact on the web of life. And so,
with our actions, we hope to be able to overcome this extinction
crisis to which we have wittingly or unwittingly contributed.
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The generation of this immense natural wealth is made possible by a vast array of 
biological interactions so complex and sophisticated as to suggest an evolutionary lineage 
drifting back to the dawn of time.  
forest, community of life p. 16

The most compelling reason for halting the destruction of the rainforest is to protect the climate
system of the world and this, in turn, would be the biggest favor we could do for biodiversity. 
tropical forest, values of nature p. 22

Nothing rivals the forest canopy in terms of biodiversity –layers of life upon life, all nurtured 
by sunlight, moisture, and warmth in a unique combination that fosters an extraordinary diversity 
and abundance of species.
forest, diversity in the heights p. 28

Each portion of the fallen tree will thus support a characteristic group of insects adapted to a specific
microhabitat. The numbers of any one species will be regulated by the quantity and quality of 

their food supply, as well as predator-prey relationships.
forest, cycle of life p. 34

Yet here we are in the twenty-first century facing an ocean with only 10% of its large pelagic fish 
still remaining due mainly to overfishing.  More than 10% of our coral reefs are already beyond

recovery and up to 40% may be wiped out in less than 20 years.  
forest, climate change p. 40

Biological diversity in the American Continent’s temperate and tropical forests is amazing and, 
as a whole, represents the greatest such diversity on the entire planet.

forest, diversity in the american continent p. 46

If there is anything to be learned from forests, it is that we do not live in isolation. Each of us is 
an inhabitant of Earth and member of a community of interrelationships. Every action we take,

however small, has an impact on the web of life.
photography p. 55

The capacity forests have for transforming everything, for assimilating everything, 
is part of the magic attributed to them.  
forest, evocation and mystery p. 12



When we say the “forest,” certain things happen inside of us.
Recurring atavic memories evoke the rustling of the leaves or the
calm of a tree. There is the plenitude of a tranquil pond in which
our origin is reflected, something that makes us return to the
foliage and mysterious silhouettes, to the shadows with which
trees walk. When we say “forest,” there is a murmur, the sound of
the eternal movement of an infinite dynamo that adjusts and
readjusts itself in the thicket. There is a multitude of life-forms
that vibrate and crackle, opening up and closing themselves off
from life, obeying invisible forces. When we say “forest,” our inner
being yearns to penetrate the tangle of trunks and leaves, like
swept away with a deep thought that seems like a dream. When
we say “forest,” we shiver like a child lost among the foliage,
consumed by fear, trapped in the arms of trees that come to life,
observed by the undaunted eyes of nocturnal birds. When we
say  “forest,” we are at its center, living off what the forest
provides for us, in plenitude, because all that we need to live is
there inside and we can eat and drink our fill, build a shelter, and
protect ourselves from the cold. When we say “forest,” the forest
disturbs us, but also when we say “forest,” it protects us.

Forests are many different worlds, a complex frame of stories
that stretch out timelessly, counting seconds and millenniums as
one. In contrast to the ephemeral life of a flower that opens one
day and immediately withers, there is the existence of a tree that
has stood firmly among the shadows for thousands of years. And
although the flight, of birds might seem indifferent to the mute
germination of mosses among the rocks, the lives of both
–although they might not be aware of it– are interlaced in the
omnipresent flow of a closed dependence that allows them to
exist. Forests are many different worlds, visible and invisible, that
populate vast landscapes with characters too large for the
human gaze or that grow beneath the earth in very long
networks of roots and mycelia. In contrast to the virtually
imperceptible flight of spores and pollen, we have the massive
presence of an extraordinary oak tree. Forests are many different
worlds of silence and sound, shouting with the deafening voices
of birds  growing stealthily among the branches, caring for the
rumors of the earth, and watching over the silence of stones.
Forests are many different worlds of sensations and textures,
which leave their soft and harsh traces on our skin, their trail of
bark and vestiges of moss.

Since the beginning of time and the birth of civilization,
forests have been the territory of powerful, allusive evocations
of the binomials: order/chaos, movement/stillness,
inside/outside, light/shadow, and body/soul. These coordinates
have helped us in our reflections, from the fervor of that which
is sacred or from the equanimity of reason, regarding our
human condition and our role in the universe. Forests are life in
freedom, abundance untouched by human hands, and for that
reason a natural space par excellence. Traditionally, nature –or
physis– is self-ruled spontaneity, the contrary of an artifact or
product. If nature is the whole, order, and arrangement of
everything that exists in the universe, the universal principle of
all natural operations independent of artifice, then we could
state that nature lives in forests. So, in our coexistence with the
world, our reflections bring us to desire to see in forests our
“more natural” side, our purest state, emancipated, the
mysterious facet of our being, which obey the loftiest laws of
cosmic synchrony. As regards what is sacred, we evoke our
divine nature, while concerning what is scientific, what we call
up is our subconsciousness. That is when forests become
spiritual places for us humans.

According to its etymology, the word “mystery” means,
literally, a closed or inaccessible place. It has the same root as the
word “mystic.” The lush vegetation that characterises forests gives
them their mysterious aura. The way in which sunlight makes its
way with difficulty through the thick growth keeps forests in
semidarkness, for which reason they have been associated with a
space pertaining to lunar forces, in contrast to the power of the
Sun. Hence forests are a sanctuary of the female principle and
are linked to the Mother Goddess, creative forces, and fertility.
The clear distinction between the seasons that produce dramatic
changes in forest scenery also relates them to the principle of
change and renewal, where life and death are closely interwoven
in an endless cycle.

I enjoy it when forests become temples, sanctuaries, or
spaces for worship, where the first rites and ceremonies were
celebrated. Silence, quiet, light, shadow, vibration, stealth,
constant rustling, energy. It is the powerful emanation of nature
that invites us to become familiar with it, to be with it. In
iniciatic traditions, forests are the kingdom of the psyche, a
testing grounds, a place for initiation, i.e., a space where one can
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elements are combined there as in initiation experiences, and
the same resonances we intuit in our subconsciousness. Spanish
writer Ana María Matute relates this very well in her acceptance
speech for entry into the Royal Spanish Academy (Real
Academia Española de la Lengua) in 1998, entitled In the Forest.
There she tells of her childhood experiences in which the
discovery of something totally unknown to her revealed realities
that were so vivid and close to her as writing itself and the
world of words. Because in the splendor of darkness and birds’
flight, in the songs of the whole forest, and in the sounds
unfamiliar to human beings, “reside infinite stories that have
never been written and which may never be.” This is the
incessant impulse of nature that has a profound impact on one’s
consciousness and becomes a desire to work out images that
translate sensorial experiences into an artistic experience which,
in the end, is an experience of life. 

All those voices, those words, although not heard are known,
in the swinging of the high branches, in the depths of the
roots that search for the heart of the world. I had a feeling
there and I discovered, minute by minute, the existence of
countless invisible lives, the rustling sound of their secrets
communicating to one another from leaf to leaf, from stalk
to stalk, from one dewdrop to the next, led through the forest
by the tiny inhabitants of the herbs. 

One of the most profound tales of the experience of nature
that has ever been written is Walden by Henry David Thoreau,
an American writer, thinker, and activist who was born in
Concord, Massachusetts in 1817. From 1845 to 1849, he lived
alone in the woods on the shores of Walden Pond, in a cabin 
he himself built, supporting himself exclusively with the work 
of his own hands. The opening paragraphs of his book are a
pondering upon the reasons that prompted him to live that
experience. In that text –with moving clarity– he analyzes the
precepts of modern life that led him to want to experience, 
for himself, what life would be like far from the existing social
structure. “I went to the woods because I wished to live
deliberately, to front only the essential facts of life, and see if 
I could not learn what it had to teach, and not, when I came to
die, discover that I had not lived.”

With this testimony, Thoreau offers us one of the most severe
criticisms, thanks to his sincerity, of our “modern” being and what
we call “progress.” For the majority of human beings live always
concerned about the accumulation of material things and it
would seem we fail to recognize that life is something else
altogether. The currency of Thoreau’s words, written in the 
mid-nineteenth century, are transformed into a spine-chilling
invitation to an appointment we can no longer postpone. 

Most of the luxuries, and many of the so-called comforts of
life, are not only unnecessary, but positive hindrances to the
elevation of mankind. With respect to luxuries and comforts,
I must say that the wisest have ever lived a more simple and
meagre life than the poor. 

With this thought, let us return to the forest and its
mysterious aura of a closed place that opens up to speak out to
us, to allow us to make this journey, an initiation experience it
offers, and the aesthetic experience of its enjoyment at all levels
of its kingdom in the shade and in the light, in sound and in
silence, in the harshness and softness of its textures. For when
we say “forest,” things start to happen in our innermost beings
and when we are in a forest, something truly powerful
transforms us. Because if we know that nature is what is closest
to that which is divine, as we have always intuited, then,
prompted by the most impassioned fervor or by the most
objective reasoning, we can affirm that forests are the most
valuable entity we possess.
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have a decisive experience. In forests, human beings confront
their inner darkness and resolve it. Entering a forest is like going
into one’s own spiritual world, losing oneself in it, and, after
having found oneself, exiting with a higher level of human
development. “In the middle of the journey of our life, I came to
my senses in a dark forest, for I had lost the straight path...” is
how the Florentine poet Dante began his Divine Comedy, written
between 1308 and 1321 and that is where, wandering through
the forest –which he entered in a dream, without realizing it–,
he meets the classical poet Virgil, who was to serve as his guide
for part of the way, traveling through Hell, Purgatory, and
Paradise, where he would culminate his anabasis, that is to say,
the trip from the sensible world to the intelligible world, the
world where all that exists in the universe is explained and
comprehended.

In his beautiful book Siddhartha, German writer Herman
Hesse –born in 1877– interprets the experiences of Siddhartha
Gautama in thick bamboo forests. One passage is hard to forget,
describing how he who would later become the Buddha
succeeded in assimilating himself into the cycle of
transmutations by means of a complete fusion with forest life.
This was a form of meditation of the Samanas through which
the ascetic identified himself with all forms of life so that, with
the sparrowhawk, he flew over forests and mountains, and ate
fish. Totally internalized, he suffered the bird’s hunger, spoke its
language, and died with it. Thus, Siddhartha’s soul came and
went among the living things and also among the dead, for his
soul became part of a plant just like it became part of a dead
jackal. As a cadaver, he underwent bloating, and stank and
rotted, and was nibbled by creatures that fed on him until he
turned into all bones and finally dust, particles and dust that
spread and once again turned into life. In this manner, the
young man detached himself from his Self in a thousand
different ways. “He was animal, carcass, stone, wood, water, and
each time he reawakened, he found himself again.” Later on,
when he abandoned the forest, he reflected upon the world
surrounding him, the visible world that he had previously
wished to banish from his mind because he felt that reality is
not in the apparent world, but rather beyond anything we can
see. Moved by the vision of nature, the young man could not
overcome his amazement: 

But now, his liberated eyes stayed on this side, he saw and
became aware of the visible, sought to be at home in this
world, did not search for the true essence, did not aim at a
world beyond. Beautiful was this world, looking at it thus,
without searching, thus simply, thus childlike. Beautiful were
the moon and the stars, beautiful was the stream and the
banks, the forest and the rocks, the goat and the gold-beetle,
the flower and the butterfly. 

The capacity forests have for transforming everything, for
assimilating everything, is part of the magic attributed to them.
Because those who enter the forest are transformed into
different creatures, surrendering themselves to the rarefied
ambience of moss thought, of organic consciousness, of plant
and animal beings that inhabit us. In Embers by Hungarian writer
Sándor Márai, born in 1900, this author makes us experience the
forest in an extraordinary way. In the voice of Henrik, a retired
general, Márai describes the moment in which, many years prior,
he and Konrad, his life-long friend, went hunting, a scene which
provides the entire novel with its plot. This was an occasion for
the characters to resolve the conflict that marked their lives: 

Surely you recall the moment, because ever since then it has
been the contents and sense of your life. I also remember. We
were both standing, immobile, having stopped in the middle
of the forest, among the pines. In the point at which the path
begins, it turns away from the road and takes us to the
deepest part, where the forest lives its own life, intact and
dark […] We were alone in the middle of the forest, in that
nocturnal solitude of the time before daybreak, the solitude
of the forest, of the wild animals, where one is always lost,
lost in one’s life and in the world, although it be only for an
instant, and feels attracted by a place that could be his or
her home, a wild and dangerous place, but a place that
continues to be one’s only, true home: the forest, the deep
waters, the backdrop of the primitive world. 

That same attraction we feel when we say the word “forest,”
and which also evokes a personal experience, can be viewed as
an aesthetic experience, i.e., one involving knowledge acquired
through the senses, through sensorial perception. The same
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In the shadow of red cedar, along a stream colored by salmon, in
a place where plants grow food from the air and small creatures
living on dew never touch the forest floor, it is difficult to imagine
a time when the coastal temperate rainforests of North America
did not exist. Today, these inmense and mysterious forests, which
in scale and wonder dwarf anything to be found in the tropics,
extend in a vast arc from northern California 3 200 km north and
west to the Copper River and the Gulf of Alaska. Home to a
myriad species of plants and animals, a constellation of life unique
on Earth, they spread between sea and mountain peak, reaching
across and defying national boundaries as they envelop all who
live within their influence in an unrivaled frontier of the spirit.

It is a world anchored in the south by giant sequoias, the
most massive of living beings, and coast redwoods that soar 90 m
above the fogbanks of Mendocino. In the north, two trees
flourish: western hemlock, with its delicate foliage and finely
furrowed bark; and Sitka spruce, most majestic of all, a stunningly
beautiful species with blue-green needles that are salt-tolerant
and capable of extracting minerals and nutrients from sea spray.
In between, along the silent reaches of the midcoast of British
Columbia, behind a protective veil of Sitka spruce, rise enormous
stands of Douglas-fir. Intermingled with hemlock and fir, growing
wherever the land is moist and the rains abundant, is perhaps the
most important denizen of the Pacific Slope, the western red
cedar, the tree that made possible the florescence of the great
and ancient cultures of the coast.

To walk through these forests in the depths of winter, when
the rain turns to mist and settles softly on the moss, is to step
back in time. Two hundred million years ago vast coniferous
forests formed a mantle across the entire planet. Dinosaurs
evolved long, supple necks to browse high among their branches.
Then evolution took a great leap, and flowers were born. What
made them remarkable was a mechanism of pollination and
fertilization that changed the course of life on Earth. In the more
primitive conifers, the plant must produce the basic food for the
seed with no certainty that it will be fertilized. In the flowering
plants, by contrast, fertilization itself sparks the creation of the
seed’s food reserves. In other words, unlike the conifers, the
flowering plants make no investment without the assurance that
a viable seed will be produced. As a result of this and other
evolutionary advances, the flowering plants came to dominate

the Earth in an astonishingly short time. Most conifers went
extinct, and those that survived retreated to the margins of the
world, where a small number of species maintained a foothold by
adapting to particularly harsh conditions. Today, at a conservative
estimate, there are over 250 000 species of flowering plants. The
conifers have been reduced to a mere 700 species, and in the
tropics, the hotbed of evolution, they have been almost
completely displaced. 

On all the Earth there is only one region of any size and
significance where, because of particular climatic conditions, the
conifers retain their former glory. Along the northwest coast of
North America the summers are hot and dry, the winters cold and
wet. Plants need water and light to create food. Here in the
summer there is ample light for photosynthesis but not enough
water for most deciduous trees, except in low-lying areas where
broadleaf species such as red alder, cottonwood, and vine maple
flourish. In the winter, when both water and light are sufficient,
the low temperatures cause the flowering plants to lose their
leaves and become dormant. The evergreen conifers, by contrast,
are able to grow throughout the long winters, and since they use
water more efficiently than broadleaf plants, they also thrive
during the dry summer months. The result is an ecosystem so rich
and so productive that the biomass in the best sites is easily four
times as great as that of any comparable areas of the tropics.

Indeed it is the scale and abundance of the coastal
rainforests that overwhelms the visitor. White pine, the tallest
tree of the eastern deciduous forests, barely reaches 60 m; in the
coastal rainforests there are thirteen species that grow higher,
with the redwoods reaching nearly 120 m, taller than a twenty-
five-story building. Red cedars can be 6 m or more across at the
base. The footprints of a Douglas-fir would crush a small cabin.
The trunk of a western hemlock, a miracle of biological
engineering, stores thousands of liters of water and supports
branches festooned with as many as 70 million needles, all
capturing the light of the sun. Spread out on the ground, the
needles of a single tree would create a photosynthetic surface
ten times the size of a football field.

These giant trees delight, but the real wonder of the forest lies
in the details, in the astonishingly complex relationships: a
pileated  woodpecker living in the hollow of a snag, tiny seabirds
laying their eggs among the roots of an ancient cedar, marbled
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water from the soil. They also produce growth-regulating
chemicals that promote the production of new roots and
enhance the immune system. Without this union, no tree could
thrive. Western hemlocks are so dependent on mycorrhizal 
fungi that their roots barely pierce the surface of the earth, 
even as their trunks soar into the canopy.

The story only gets better. All life requires nitrogen for the
creation of proteins. Nitrates, a basic source, are virtually absent
from the acidic, heavily leached soils of the rainforest. The
mycorrhizae, however, contain not only nitrogen-fixing bacteria
that produce this vital raw mineral, but also a yeast culture that
promotes the growth of both the bacteria and the fungus. There
are scores of different mycorrhizae —the roots of a single
Douglas-fir may have as many as forty types— and, like any other
form of life, the fungus must compete, reproduce, and find a
means to disperse its spore. The fruiting body in many cases is an
underground mushroom of a truffle. When mature, it emits a
pungent odor that seeps through the soil to attract rodents, flying
squirrels, and red-backed voles, delicate creatures that live
exclusively on a refined diet of truffles. As the voles move about
the forest, they scatter droppings —neat little bundles of feces—
that contain yeast culture, fungal spores, and nitrogen-fixing
bacteria —in short, all that is required to inoculate roots and
prompt the creation of new mycorrhizae.

Fungi bring life to the forest both by their ability to draw
nutrients to the living and by their capacity to transform the
dead. In old-growth forests, 20% of the biomass —as much as 600
tons per hectare— is retained in fallen debris and snags. There is
as much nutrition on the ground as there is within it. Moss on the
forest floor is so dense that virtually all seedlings sprout from the
surface of the rotting stumps and logs, which may take several
hundred years to decay.

When a tree falls in the forest, it is immediately attacked by
fungi and a multitude of insects. The wood provides a solid diet of
carbohydrates. To secure proteins and other nutrients, the fungi
deploy natural antibiotics to kill nitrogen-fixing bacteria. Chemical
attractants emitted by the fungi draw in other prey, such as
nematode worms, which are equipped with exploding poison sacs
and an astonishing arsenal of microscopic weapons. The assault on
the log comes from many quarters. Certain insects, incapable of
digesting wood directly, exploit fungi to do the work. Ambrosia

beetles, for example, deposit fungal spores in tunnels bored into
the wood. After the spores germinate, the tiny insects cultivate the
mushrooms on miniature farms that flourish in the dark.

In time, other creatures appear —mites and termites, and
carpenter ants that chew long galleries in the wood and establish
captive colonies of aphids that produce honeydew from the sap
of plants. Eventually, as the log progresses through various 
stages of decay, other scavengers join the fray, including those
that consume white cellulose, turning wood blood red and
reducing the heartwood to dust. Two and a half centimeters of
soil may take 1 000 years to accumulate. Organic debris may
persist for centuries. Dead trees are the life of the forest, but their
potential is realized only slowly and with great patience.

This observation leads to perhaps the most extraordinary
mystery of all. Lush and astonishingly prolific, the coastal
temperate rainforests are richer in their capacity to produce the
raw material of life than any other terrestrial ecosystem on Earth.
The generation of this immense natural wealth is made possible
by a vast array of biological interactions so complex and
sophisticated as to suggest an evolutionary lineage drifting back
to the dawn of time. Yet, all evidence indicates that these forests
emerged only within the last few thousand years. In aspect and
species composition they may invoke the great coniferous forests
of the distant geological past, but as a discrete and evolving
ecosystem the coastal temperate rainforests are still wet with the
innocence of birth.

Some twenty thousand years ago, what is today British
Columbia was a place of turmoil and ice. The land was young,
unstable, given to explosive eruptions that burst over the shore. 
A glacial sheet more than 1 800 m deep covered the interior of
the province, forging mountains and grinding away valleys as it
moved over the land, determining for all time the fate of rivers. 
On the coast, giant tongues of ice carved deep fjords beneath 
the sea. The sea levels fell by 90 m, and the sheer weight of ice
depressed the shoreline to some 230 m below its current level.
Fourteen thousand years ago, an instant in geological time, the
ice began to melt, and the glaciers retreated for the last time. The
ocean invaded the shore, inundating coastal valleys and islands.
But the land, freed at last of the weight of eons, literally sprang up.
Within a mere 1 000 years, the water drained back into the sea,
and the coastline became established more or less as it is today.
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murrelets nesting in a depression in the moss in the fork of a
canopy tree, rufous hummingbirds returning each spring, their
migrations timed to coincide with the flowering of salmonberries.
In the forest streams dwell frogs with tails and lungless
salamanders that live by absorbing oxygen through their skin.
Strange amphibians, they lay their eggs not in water but on land,
in moist debris and fallen logs.

Invertebrate life is remarkably diverse. The first survey to
systematically explore the forest canopy in the Carmanah Valley of
Vancouver Island yielded 15 000 species, a third of the
invertebrates known to exist in all of Canada. Among the survey’s
collections were 500 species previously unknown to science. Life
is equally rich and abundant on the forest floor. There are 12
species of slugs, slimy herbivores that in some areas account for
as much as 70% of the animal biomass. A square meter of soil
may support 2 000 earthworms, 40 000 insects, 120 000 mites, 
120 000 000 nematodes, and millions upon millions of protozoa
and bacteria, all alive, moving through the earth, feeding,
digesting, reproducing, and dying.

None of these creatures, of course, lives in isolation. In nature,
no event stands alone. Every biological process, each chemical
reaction, leads to the unfolding of other possibilities for life.
Tracking these strands through an ecosystem is as complex as
untangling the distant threads of memory from a myth. For years,
even as industrial logging created clearcuts the size of small
nations, the coastal rainforests were among the least studied
ecosystems on the planet. Only within the last decade or two
have biologists begun to understand and chart the dynamic
forces and complex ecological relationships that allow these
magnificent forests to exist.

One begins with wind and rain, the open expanse of the
Pacific, and the steep escarpment of mountains that makes
possible the constant cycling of water between land and sea.
Autumn rains last until those of spring, and months pass without
a sign of the sun. Sometimes the rain falls as mist, and moisture is
raked from the air by the canopy of the forest. At other times the
storms are torrential, and daily precipitation is measured in
centimeters. The rains draw nutrients from the soil, carrying vital
food into rivers and streams that fall away to the sea and support
the greatest coastal marine diversity on Earth. In the estuaries and
tidal flats of British Columbia, in shallows that merge with the

wetlands, we find 600 types of seaweed and 70 species of sea
stars. Farther offshore, vast underwater kelp forests shelter
hundreds of life-forms, which in turn support a food chain that
reaches into the sky to nourish dozens of species of seabirds.

The land provides for life in the sea, but the sea in turn
nurtures the land. Birds deposit excrement in the moss, yielding
tons of nitrogen and phosphorus that are washed into the soil by
winter rains. Salmon return by the million to their native streams,
providing food for eagles and ravens, grizzly and black bears, killer
whales, river otters, and more than twenty other mammals of the
sea and forest. Their journey complete, the sockeye and coho,
chinooks, chums, and pinks drift downstream in death and are
slowly absorbed back into the nutrient cycle of life. In the end
there is no separation between forest and ocean, between the
creatures of land and those of the sea. Every living thing on the
raincoast ultimately responds to the same ecological rhythm. All
are interdependent.

The plants that dwell on land nevertheless face particular
challenges, especially that of securing nutrients from thin soils
leached by rain throughout much of the year. The tangle of
ecological adaptations that has evolved in response is nothing
short of miraculous. As much as a fifth of the biomass in the
foliage of an old-growth Douglas-fir, for example, is comprised of
an epiphytic lichen, Lobaria oregana, which fixes nitrogen directly
from the air and passes it into the ecosystem. The needles of Sitka
spruce absorb phosphorus, calcium, and magnesium, and their
high rate of transpiration releases moisture into the canopy,
allowing the lichens to flourish.

On the forest floor, thick mats of sphagnum and other mosses
filter rainwater and protect the mycelia and hundreds of species
of fungi; these elements form one of the richest mushroom floras
on Earth. Mycelia are the vegetative phase of a fungus, small hair-
like filaments that spread through the organic layer at the surface
of the soil, absorbing food and precipitating decay. A mushroom
is simply the fruiting structure, the reproductive body. As the
mycelia grow, they constantly encounter tree roots. If the species
combination is the right one, a remarkable biological event
unfolds. Fungus and tree come together to form mycorrhizae, a
symbiotic partnership that allows both to benefit. The tree
provides the fungus with sugars created from sunlight. The
mycelia, in turn, enhance the tree’s ability to absorb nutrients and
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Only in the wake of these staggering geological events did
the forests come into being. At first the land was dry and cold, an
open landscape of aspen and lodgepole pine. Around 10 000
years ago, even as the first humans appeared on the coast, the air
became moister and Douglas-fir slowly began to displace the
pine. Sitka spruce flourished, though hemlock and red cedar
remained rare. Gradually the climate became warmer, with long
seasons without frost. As more and more rain fell, endless banks of
clouds sheltered the trees from the radiant sun. Western hemlock
and red cedar expanded their hold on the south coast, working
their way north at the expense of both fir and Sitka spruce.

For the first people of the raincoast, this ecological transition
became an image from the dawn of time, a memory when Raven
slipped from the shadow of cedar to steal sunlight and cast the
moon and stars into the heavens. Mythology enshrined natural
history, for it was the diffusion of red cedar that allowed the
great cultures of the Pacific Northwest to emerge. The nomadic
hunters and gatherers who for centuries had drifted with the
seas along the western shores of North America were highly
adaptive, capable of taking advantage of every new opportunity
for life. Although humans had inhabited the coast for at least 
5 000 years, specialized tools first appeared in the archaeological
record around 3 000 B.C., roughly the period when red cedar
came into its present dominance in the forests. Over the next
millennium, a dramatic shift in technology and culture occurred.
Large cedar structures were in use 1 000 years before the
Christian era. A highly distinct art form developed by 500 B.C.
Stone mauls and wooden wedges, obsidian blades, and shells
honed to a razor’s edge allowed the highly durable wood to be
worked into an astonishing array of objects, which in turn
expanded the potential of the environment.

Though in time some 500 plants would be used on the coast,
red cedar was from the beginning the tree of life. Its soft and
pliant inner bark provided cordage and the fiber that was woven
into clothing. Steamed, the wood could be bent into boxes that
allowed for the efficient storage of food, especially salmon,
berries, and eulachon oil. Cedar provided armor and weapons for
war, hewn planks for housing, and dugout canoes for
transportation, fishing, and hunting whales and seals. It also
provided the template upon which dreams could be brought into
daylight, families celebrated, and mythological time remembered

in the form of crests, memories of the dead displayed for
generations of the living.

With cedar as the material foundation of culture, and salmon
and other marine resources providing the mainstay of the diet,
the seafarers forged the most complex civilization ever to
emerge without the benefit of agriculture. Though living in
permanent settlements, in a stratified world of commoners,
slaves, shamans, and noble elite, the people remained foragers,
nomads of the open seas, hunters whose lives depended on
their relationship with the wild. Unlike so many who had
succumbed to the cult of the seed, the nations of the coast
believed in the power of animals, accepted the existence of
magic, acknowledged the potency of the spirit. The physical
world presented but one face of reality. Behind it existed an
inner world of meaning, a place reached through transformation,
a passage familiar to shamans and recalled by all during the
great winter dances and ritual celebrations.

Living from nature, and lacking the technology to dominate
it, the people watched the Earth for signs. The flight of eagles
helped fishermen track salmon. Sandhill cranes heralded the
onset of herring runs. The flowering of certain plants brought
families to the shore to gather clams, but if ravens and crows
abandoned the beach, so did the people, for it was a sure
indication that the shellfish were toxic. Between humans and
animals there was a constant dialogue, expressed in physical
action, in gesture and repartee, but also in myths and stories
that resonated with magical and mystical ideas. The Tlingit
addressed plants as spirits, offering prayers before harvesting a
tree. Nuu-chah-nulth ceremonies sought protection for the
hunter, and beseeched whales to give freely of their lives. When
raging currents threatened Haida war parties, the paddlers
scattered swan feathers upon the water to calm the sea.
Encounters with grizzly bears brought power to the Gitxsan. 
The Kwagiulth dispatched initiates into the forest to seek
Huxwhukw and the Crooked Beak of Heaven, cannibal spirits
living at the north end of the world. 

Although neither sentimental nor weakened by nostalgia,
these indigenous cultures forged through time and ritual a
traditional mystique of the Earth that was based not only on deep
attachment to the land but also on a far more subtle intuition 
—the idea that the land was breathed into being by human
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consciousness. Mountains, rivers, and forests were not perceived
as inanimate, as mere props on a stage upon which the human
drama unfolds. For these societies, the land was alive, a dynamic
force to be embraced and transformed by the human imagination.
Whether this was true in some absolute sense is not the point.
Rather, the significance lies in the manner in which the conviction
played out in the day-to-day lives of the people. A child raised to
revere the forest as the domain of the spirits will be a fundamentally
different person from a child brought up to believe that a forest
exists to be cut. 

I was fifteen when I first learned that all these ancient forests,
from California to Alaska, were dying. This startling information
was presented to my school biology class. Our teacher explained
its scientific foundation. Science had shown that the annual
increment of cellulose in a young tree plantation was greater than
that of an ancient forest. The old growth was, by definition, a
forest in decline. The trees were overmature; to see evidence of
decadence, one had to look at the deadfall, tons of rotting timber
wasted on the forest floor. The goal of proper management was
to replace these inefficient stands with fresh and productive new
forests. A regime of carefully monitored clear-cut logging would
eliminate the old growth, the debris would be burned, and the
land would be sown with a uniform plantation comprised of only
the moist, up-to-date conifer seedlings.

Even as a teenager, sitting in a classroom overlooking the
forested slopes of Vancouver Island, I had the sense that
somebody was playing with a short deck. Industrial logging was
based on the assumption that all of the old growth would be cut
and replaced with tree farms. The intrinsic value of the ancient
forests had no place in the calculus of forest planning. This
evidently was not science, but ideology, a set of ideas reflecting
not empirical truths but the vested interests of those who would
profit from the forests' destruction.

Fortunately this tired orthodoxy, long the foundation of
scientific forestry in Canada, has been challenged by the best and
brightest of young foresters, men and women who recognize the
need to move beyond to an era in which resource decisions are
truly based on ecological imperatives.  

There is no better place to pursue a new way of thinking
than in the temperate rainforest of the coast. At the moment,
less than 6% has been protected; the remainder is slated to be

logged. If anything, this ratio should be reversed. These forests
are as rare and endangered as any natural feature on the face of
the Earth, as biologically significant as any terrestrial ecosystem
that has ever existed. If, knowing this, we still allow them to be
cut down, what will it say about us a people? What will be the
legacy of our times?

The truth is that in an increasingly complex and fragmented
world, we need these ancient forests, alive and intact. Today all
peoples in this land are drawn together by a single thread of
destiny. We live at the edge of a clear-cut; our hands will
determine the fate of these forests. If we do nothing, they will be
lost within our lifetimes, and we will be left to explain our
inaction. If we preserve these ancient forests, they will stand for
all generations and for all time as symbols of the geography of
hope. They are called old growth not because they are frail, but
because they shelter all of our history and embrace our dreams.
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There is no time more urgent than now to learn about the
rainforests of the world since they are disappearing at a most
alarming rate and we must provide the data to halt this
destruction. News from Brazil, New Guinea, the Congo, and
other rainforest areas tells of the continued removal of this vital
resource for the world. Most of it has taken place over the past
sixty years. It is now estimated that over 50% of the rainforest
has been destroyed. This should be a cause of alarm for three
main reasons. Firstly, rainforest is vital for the control of the
world’s climate and the other environmental services that hold
the planet’s ecosystem together. Secondly, although rainforest
covers only about 7% of the land surface, it holds over 50% of
the total species diversity and, thirdly, we are reducing our
options for discovering new medicines, agrochemicals, spices,
fruits, and other useful plant products as we lose rainforest
species through extinction. Deforestation is one of the main
causes of climate change. Ask any of the surviving indigenous
peoples of the forest and they will point out the changes that
are happening around them.

Recently I have been studying the ethnobotany of the
Guaraní people in the rainforest of Misiones Province in Argentina
and I was out in the fields and forest with a most knowledgeable
guide called Elvio. When we came across a plant that they call
guembe (Philodendron bipinnatifidum) in flower, Elvio pointed out
that when this plant flowers it is an indication that it is time to
plant maize and other crops because there will be no more frost.
However, he said that this is how it used to be, but now it is not
so reliable as an indicator because everything appears to be
changing. Another day we were privileged to see two beautiful
migrating swallow-tailed kites circling overhead. Again Elvio
pointed out that the annual arrival of this bird used to be 
a portent that it is time to plant, but that it was no longer 
as reliable a signal as it used to be. Even in my studies of
ethnobotany today, I am learning of signals of climate change
caused not by these forest dwellers who are so close to nature,
but by the people of distant lands. 

I am involved with the Guaraní because the first time I was in
the Province to set up a conservation research and training
program for the Yaboti Biosphere Reserve and was visiting the
governor, thirty Guaraní chiefs were camped outside his office in
the central square of Posadas, the provincial capital. They were

there to protest the loss and desecration of their forest by timber
companies. The next day, the headlines of the local paper
complained: “Governor sees gringos, but not Guaraní.” As a result
of this, I met with these chiefs to explain that we had come there
with the same purpose as they, to conserve the Atlantic
rainforests of Misiones, and so began our collaboration. I am glad
to say that a few months later, as our conservation program
developed, the governor did talk to the chiefs and even
appointed a sub-secretary in his environmental ministry to work
with indigenous affairs. My former student, Hector Keller, who
recently completed his doctorate, has spent ten years working on
the ethnobotany of the Guaraní and so he was asked to carry out
a survey of the forest area about which the Guaraní were most
concerned. He found that the timber companies had paid little
respect to things that are sacred to the Guaraní. For example, they
were driving their heavy tractors directly over old cemeteries.
Hector proposed a moratorium of logging over the 10 000
hectares of the Yaboti Biosphere Reserve that were most crucial to
the Guaraní. This was accepted by the provincial government and
has been in effect over the last three years. An ethnobotanical
study led to better protection of a large area of forest. Currently,
we continue to work on ways to improve the livelihood of these
peoples through such things as ethnobotanical trails
demonstrating the Guaraní use of forest to tourists, sale of their
artefacts, and the possible cultivation of ornamental plants. This 
is an example of the fact that the preservation of cultural diversity
and biological diversity go hand in hand.

One thing that has always impressed me during my research
in the Amazon region is that some of the areas with the best-
preserved forest are in the indigenous territories. A map of
indigenous reserves coincides nicely with some of the best forest
and, in many cases, with some of the centers of the highest
biological diversity. Early in the conservation movement, work 
on biological conservation was completely separate from work on
indigenous peoples, and I very much welcome the way in which
both these fields are coming together to use the wisdom from
the two sources to conserve both biodiversity and culture.

The wisdom of the local residents is often a good resource
to find sustainable ways to use the forest. In the area of the
Yaboti Reserve that is under the restriction of the moratorium
on timber extraction, we came across a grove of the pindo palm
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20 dollars a ton at present. Since the average area of rainforest
holds about 500 tons of carbon, it is an asset worth 10 000 dollars.
As a recent World Bank report said: “Farmers are destroying a 
10 000 dollar asset to create one worth 200 dollars.” One of the
shortcomings of the much debated Kyoto Protocol to reduce
carbon dioxide emissions is that, although it created a system 
of carbon credits, it did not include credit for avoided deforestation.
If the developed world helped to pay for avoided deforestation
through a system of carbon credits, it would be a strong incentive
for the poorer nations to keep their forests. This is in the interests
of all countries, since the rainforests are so vital as a store of
carbon and for their role in the control of the world climate
system. The signs are good that avoided deforestation is now on
the international agenda, because at the international climate
change meeting that took place in Bali in December 2007, there
was agreement that the successor to the Kyoto Protocol should
include compensation of some sort for avoided deforestation.

One of the most serious areas of deforestation from the
viewpoint of carbon emissions is in the peat forests of Sumatra
and Borneo. Here, there is a large accumulation of peat many
meters deep underneath the forest and this stores a huge
amount of carbon. Recent deforestation by colonizers has set the
peat on fire when they cleared the forest and burnt it to open up
new fields. The peat catches fire and is almost impossible to
extinguish since it goes on smoldering underground for many
years and, at the same time, emitting huge quantities of carbon
dioxide and other greenhouse gases. There is a lot of peat
burning at present in Sumatra. One of the most urgent actions to
reduce carbon emissions is to stop any further burning of the
Indonesian peat forests. Perhaps compensation for avoided
deforestation will be the mechanism that halts the destruction of
the remaining peat forests of Asia.

Deforestation is not only adding to the atmospheric carbon
dioxide, in some areas it is causing more direct local climate
changes. For example, deforestation of the lowland of Costa Rica
is causing a change in the climate of the highland cloud forests.
The Monteverde Cloud Forest Preserve is one of the best-
protected forest reserves in the world. One of the most well-
known organisms there was the attractive golden toad 
(Bufo periglenes). I had the privilege of seeing this beautiful animal
when a student of mine was working in the reserve studying

nocturnal pollination of a shrub by mice. Unfortunately, the
golden toad and several other species of amphibians have ceased
to exist in Monteverde. The reason is that lowland deforestation
has caused this forest, which was always dripping wet, to have
short dry periods. This was enough to send the golden toad into
extinction because Monteverde is the only place in which it
occurred. The problem is that deforestation in one place can have
a drastic effect on other places. This is also true in Amazonia,
because the main rainfall is blown into the region from the
Atlantic Ocean. Brazilian scientist Eneas Salati, by using oxygen
isotope methods, has shown that when the rain from the Atlantic
first falls on eastern Amazonia, the forest pumps about 75% of 
the moisture back into the atmosphere through the process 
of evapotranspiration. Only 25% of the rain enters the soil and
eventually flows into the rivers. This recycling of the rain means
that it is then blown further west and is recycled several more
times before coming near the Andes. At this high mountain chain,
the rain pattern changes direction and is blown south towards
the agricultural areas of southern Brazil and northern Argentina.
Recently there have been some years of drought, probably
caused by the increased deforestation in the eastern parts of
Amazonia. The direct effects of deforestation on local climate are
just as serious as the impact of the added carbon dioxide to the
atmosphere. The most compelling reason for halting the
destruction of the rainforest is to protect the climate system of
the world and this, in turn, would be the biggest favor we could
do for biodiversity.

I have written about the destruction of the rainforests in this
essay because of my concern for the future of this marvellous
ecosystem in which I have spent so much time exploring its
diversity and its biology. The characteristic for which rainforests
are most famous is their fabulous biological diversity. Although
rainforest occupies about 7% of the total land area of the world,
it houses well over 50% of all species of organisms. Recent
studies in both Western Amazonia and in the Atlantic Coastal
Forests of Brazil have shown that a single hectare of forest can
contain up to 300 species of trees with trunk diameters of ten
centimeters or more and, in addition, there are many herbs and
shrubs, as well as the epiphytes that use the trees as perches. A
study of a 0.1 hectare plot of forest in Peru found a total of 283
species of trees and lianas. Another study in Costa Rica of all the
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(Arecastrum romanzoffianum). This palm ranked the most useful of
all plants in our quantitative estimates of the use value of each
species to the Guaraní. The fruits are edible, the leaves are utilized
for thatch and provide a fiber to make baskets, many parts of the
plant have medicinal uses, and the trunks when felled host beetle
larvae that are a favorite food. To obtain the larvae it is necessary
to fell the trees and in some areas the forest has been rather
depleted of pindo palms. However, this particular grove, on the
site of an old village, was used regularly to fell trees to cultivate
the larvae. The visits to this area are infrequent and only large trees
are cut. The extended time between visits to harvest enables the
abundant young trees to replenish the stock and so the harvest 
is sustainable. 

Rainforest is being destroyed to extract its timber, for
colonization and resettlement programs, for mining operations,
for the extraction of oil and gas, for cattle ranches, for soybean
fields and, increasingly, for sugar and oil palm plantations to feed
the new craze for biofuels. In 2007, I visited an area of rainforest
near Santarém, Brazil, where previously I had made some good
botanical collections, including various new species. I was amazed
to see that it had all become fields of soy beans. My guide was a
priest whose life has been threatened several times because he
has defended the rights of the original people who lived there
and were ousted by the large ranches that highjacked their land.
Soy to feed the cattle of Europe and to make biofuel. The forests
of Borneo are being felled to plant oil palm for biodiesel. Biofuels
are proposed as part of the solution to reduce carbon emissions
and, where appropriate, they can indeed help. However, to cut
down the rainforest to produce them cannot be prudent, given
the value of the standing forest.

Rainforest destruction is taking place in all major regions and
in some places it is worse than in others. A lot of publicity has
been given to the destruction of the Amazon rainforest and it 
is indeed serious, but only about 20% of that great forest has
actually been lost so far. In other words, there is still time to save 
a lot of it if the right measures are taken. Good news from the
Amazon showed that deforestation in Brazil in the period 
August 2005 to July 2006 was considerably less than in previous
years. The total dropped from 26 000 km2 in 2004-2005 to 18 793
km2 in 2005-2006 and down to 14 039 km2 in 2006-2007, an
impressive reduction of 25%. However, the news from 2007 is

grim because the deforestation rate has suddenly shot up again.
In October 2007, satellite images of Amazonia showed a huge
number of fires burning in what was another exceptionally dry
year. That is an indication that the government’s “Plan of Action
for the Protection and Control of Deforestation” (PPCDA) is not
really effective and that the destruction of rainforest is closely
linked to high commodity prices of the last year. Destruction of
the forests of Java has been almost total and Sumatra is quickly
following suit. The Sumatran tigers and rhinos, the orang-utans of
Borneo, the gorillas of the Congo, and the manatees of the
Amazon River are amongst the large, charismatic animals that are
threatened with extinction because of human activities. 

One of the most serious losses is of the rainforest of
Madagascar because it harbors so many endemic species of
plants and animals, many of which are threatened with extinction.
Interestingly, an area of Madagascan rainforest also demonstrates
one of the important solutions for stemming rainforest
destruction. It is a program called carbon ranching, which allows
polluters to make up for the emissions of carbon dioxide by
paying developing world countries to preserve their forests to
continue to store their carbon. Madagascar is using the funds it
gets from various multinational corporations to protect its forest
and to fund poverty reduction programs.  

It is vital to reduce deforestation because it is calculated that,
at present, it is responsible for about 22% of the total carbon
emissions of the world. This is more than is produced by the entire
transport sector, which means that to halt deforestation on a
worldwide basis would make a significant reduction in emissions
of carbon dioxide and other greenhouse gases. This is probably
the most compelling argument for protecting the remaining
rainforest and the easiest way to make a rapid reduction in carbon
emissions. To achieve this, it would be necessary for the
developed world to compensate the poorer tropical countries in
some way for keeping their carbon-storing forests intact. Avoided
deforestation is now being much talked about and is on the
roadmap for the successor to the Kyoto protocol.

A coalition of rainforest nations led by Papua New Guinea and
Costa Rica is promoting carbon ranching as a solution to
deforestation. This would make good economic sense. The
average hectare of cleared forest is valued at between 300 and
500 dollars. On European markets, carbon is trading at about 
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plants in a 100-square-meter plot (less than half a tennis court)
found 233 species of vascular plants in it. Some areas of
rainforest are richer than others in their species content, and this
has been shown to be largely connected to the amount and the
seasonality of rainfall. Drier areas are generally not as diverse as
wetter areas, which is why Western Amazonia near the Andes is
so species diverse, as there is a huge rainfall and no real dry
season in that region. It has been shown that up to about 
9 000 mm of annual rainfall, plant species diversity increases with
increasing rainfall, but that above that amount there is little or 
no increase in diversity. This link between diversity and climate is
a compelling reason for preserving the rainforest. The true value 
of the forest is for the ecosystem services it provides and the
biological diversity it contains.

We will not conserve the rainforest if we do not preserve it in
such a way that the web of biological interactions is allowed to
continue functioning. No organism exists alone in the rainforest;
all interact with others. The Brazil nut (Bertholletia excelsa) is a good
example. This tree, of considerable economic value in Amazonia,
depends upon a variety of other species for its existence. The
flowers have a complicated structure with a hood over the
stamens and style. Only a large and strong bee can lift the hood
to forage for nectar on the underside. While the bee is foraging,
the spring-like coil of the hood pushes the bee’s back firmly
against the stamen so that it is dusted with pollen. The Brazil nut
is an obligate outcrosser and will only produce the fruit if a bee
carries the pollen from one tree to another. One of the principal
pollinators of the Brazil nut is an orchid bee (Eulaema sp. in the
Euglossini). These bees are well-known for the behavior of the
males, which visit orchid flowers to gather their scent. That is
packed into special pouches in their hind legs and used to attract
the female bees so that mating can take place. This means 
that the Brazil nut is not only dependent upon bees, but on the
presence of epiphytic orchids in the nearby forest. After
pollination has taken place, Brazil nuts need fourteen months to
mature. When they are ready the large round fruits, a bit larger
than a baseball, fall off the tree. The seeds or nuts are inside a
hard outer case arranged like the segments of an orange. As
these fruits lie on the forest floor, they are found by agoutis, or
sometimes by squirrels, that chew the outer case open and
remove the nuts. These animals bury the nuts in hoards some

distance away from the source tree. They return to some of the
hoards, but forget where some of them were, or perhaps the
agouti is killed by a predator such as a jaguar. By scatter hoarding
in this way, the agoutis are dispersing and planting the seeds
preparing for the next generation of Brazil nut trees. Thus, the
web of interactions for the Brazil nut depends on bees and
orchids in the forest canopy and agoutis and squirrels foraging on
the forest floor. Without these interactions, we would not have
this important source of nuts.

The Brazil nut capsules that have been opened by agoutis or
even discarded by Brazil nut gatherers lie on the forest floor and
accumulate rainwater. Zoologist Janalee Caldwell studied the
contents of these small reservoirs and found a whole guild of
interactions occurring. Three of the species (the tadpole of a
poison frog, the larva of a giant damselfly, and a culicid mosquito)
are predators in the system and form a guild in which all are
capable of feeding mutually on smaller individuals of the other
two species. Another animal found in this system was the larva of
a small bufonid toad that is detritivorous and palatable to the
three predaceous species. Even an empty Brazil nut capsule is a
whole ecosystem in itself.

Many other members of the Brazil nut family have a similar
relationship with the orchid bees. One species that I studied is the
tauarí (Couratari atrovinosa). This species has an even more
complicated hood over the stamens and its petals are dark red.
The flowers open at nightfall between 6 and 7 p.m. They remain
open all night and begin to drop off the following morning after
11 a.m. We assumed that this species was pollinated by a night-
flying organism, and so we spent several nights in the crown of
this tall tree. Since we found no flower visitors, I then decided to
spend 24 hours in the tree working in shifts with a student. The
result we found was that at exactly 5:45 a.m. each day, just before
dawn, a large Euglossine bee (Eulaema meriana) arrived,
sometimes followed by other bee species as well. These bees are
notorious for their “trap lining” where they follow a daily route
flying from tree to tree to gather nectar. Almost all the bee
activity occurred between 5:45 and 6:00 a.m. and after 6:30 a.m.,
no further bee visits took place. We had to be as precise as the
bees with our timing to make our scientific observations on the
pollination of the tauarí tree. A feature of tauarí and many other
species visited by trap lining bees is that they only produce a few

flowers each day. If there were too many flowers at any one time,
the bees might be satiated at the first tree and not continue
down the line transporting pollen from tree to tree. 

I have studied several species of trees visited by bats and
they also tend to produce a steady, but small number of flowers
each night so that the bats fly on to other trees to obtain
enough nectar. This is the case of the piquiá tree (Caryocar
villosum), one of the tallest trees of the Amazon rainforest, also
with an edible fruit. Only two or three flowers of the many-
flowered inflorescence open each night. The flowers are
produced on inflorescences that stick out above the canopy of
this very tall tree. They have a mass of brush-like stamens with a
ring of nectar-producing staminodes at their base. As the bats
forage for nectar, the stamens brush into their bodies and they
are dusted with pollen. Scientist Stephan Vogel observed three
different species of bats visiting the flowers of piquiá, and I have
often stood near a tree in the early evening observing much bat
activity. The piquiá has flowers that are easily accessible to bats
because they are above the canopy. Some bat-pollinated species
have flowers that dangle below the crowns on long stalks. One
such tree is the cutia nut (Couepia longipendula). The flowers of
this species are produced at the end of hanging stalks of about a
meter in length. Bats navigate by sonar, and so flowers and fruits
that attract bats have evolved to be easily accessible either by
emerging above the crown of the tree or by hanging below it.
Bats are some of the most important organisms in the rainforest
for their role as the pollinators of many species and for their
dispersal of the seeds of many others. The durian, the popular,
but stinking, fruit of the rainforests of tropical Asia, is another
example of a bat-pollinated species.

It is these sorts of interactions between plants and animals
that make the rainforest so fascinating and that are so important
both to study and to maintain. It is also one of the reasons why
rainforest is a fragile ecosystem. The removal of one organism
from any web of interactions will inevitably affect others. It is
most urgent to battle for the preservation of rainforest to
conserve biodiversity, protect the indigenous cultures resident in
the forests, and allow the forest to continue its many functions of
service to the planet’s environment. Without rainforests climate
patterns will alter so radically that there may be little future for
the human race. There is also a more anthropocentric reason for

keeping rainforest. There are undoubtedly many more medicines,
agrochemicals, foods, and other beneficial products to be
discovered from the amazing variety of plant and animal species
contained in the rainforest. All-in-all we are committing suicide if
we destroy this essential component of our biosphere.
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forest, 
diversity in the heights

Margaret D. Lowman

Indeed, over all the glory there will be a canopy. 
It will serve as a pavilion, a shade by day from the heat, 
and a refuge and a shelter from the storm and rain.

Isaiah 4.5-6

Botany needs help from the tropics. 
Its big plants will engender big thinking.

E.J.H. Corner, Cambridge University, 1939

Our ancestors were tree dwellers. Throughout human history,
people have taken to the trees as safe havens, sites of special
spiritual connection, and a cornucopia for food, medicines,
materials, and productivity. With their billions of green leaves that
produce sugars from sunlight, the treetops are epicenters of life
and food chains throughout the planet. In an evolutionary sense,
humans descended from ancestors in the treetops. Anyone who
pauses at the zoo to watch a monkey cavorting in the branches is
amused, inspired, and subconsciously reminded of some aerial
sensation that tugs on our evolutionary memory banks.

In Papua New Guinea, a tribe called the Korowai still lives in
the treetops, erecting amazing aerial houses accessible by twig
ladders. It is speculated that their unusual habit of community
tree houses evolved as a mechanism to escape enemies on the
forest floor, and provide a healthy environment above the dank,
dark understory. Tree houses remain a recreational vestige of
children and adults alike that inspire links between humans and
the natural world. Many famous people have escaped to
childhood tree houses —John Lennon (of the Beatles), Winston
Churchill, the Roman Emperor Caligula, and Queen Victoria when
she was a young princess. Recent medical findings indicate that
children who play outdoors and learn about nature have better
health and well-being.

Why do the treetops hold such a spiritual, as well as scientific
importance for cultures throughout the world? And why have
scientists only recently explored these heights for scientific
discovery? Relatively few unknown frontiers of exploration remain
in the twenty-first century, but the treetops are still considered a
“black box” in science. (The other “black boxes” for exploration
include the ocean floor and the soil ecosystems.)

The treetops reputably house over 40% of the biodiversity of
Planet Earth. The combination of sun, fruits, flowers, and year-
round productivity of the foliage in tropical rainforests provide
ideal conditions for an enormous diversity of inhabitants.
Thousands of species of trees and vines produce a veritable salad
bar for millions of insects that are in turn eaten by myriad
reptiles, amphibians, and mammals; and those primary
consumers are eaten by secondary consumers such as harpy
eagles, jaguars, and other carnivores. Finally, the cycle of life is
completed when soil decomposers break down and recycle all
matter back into the canopy.

In addition to classic food chains circling from sunlight to
leaves to herbivores to carnivores/omnivores to decomposers,
forest canopies house extra niches for other unique forms of life.
Bromeliad tanks, tree crotches, leaf surfaces, and epiphyte
communities host extra layers of life in forest canopies. For
example, bromeliad tanks house virtual swimming pools in the sky
that are home to an entire microcosm of tiny organisms. Mosquito
larvae, nematodes, tarantulas, katydids, shovel-tailed lizards, and
canopy mammals live in and/or drink from these aerial watering
holes. Some poison dart frogs trek all the way from the forest floor
into emergent trees to deposit their eggs in phytotelms (canopy
pools of water). Other unique canopy niches include the crotches
of trees which provide germination sites for strangler figs, and soil
repositories that house many micro-arthropods usually associated
with the forest floor. Strangler figs are the only tree known to start
life “at the top” and send their aerial roots extending downward,
eventually penetrating the soil below to expand and strangle their
unwitting host plants. 
Air plants, technically called epiphytes, add an extra layer of
biodiversity and productivity in the moist, sun-flecked branches
about two thirds of the way toward the treetops. Even more
amazing, the surfaces of canopy leaves provide homes for
“epiphylly,” another extra layer of miniature plant forms composed
of lichens, mosses, and fungi, many of which grow exclusively on
leaf surfaces. Within the “canopies” of these epiphyllys live an entire
microcosm of tiny invertebrates and other undiscovered critters
visible only with a microscope. Nothing rivals the forest canopy in
terms of biodiversity —layers of life upon life, all nurtured by
sunlight, moisture, and warmth in a unique combination that
fosters an extraordinary diversity and abundance of species.

This world of canopy plants, insects, birds, mammals, and their
interactions remained relatively unknown and out-of-reach to
scientists until as recently as twenty-five years ago. Field ecologists
first used slingshots to propel ropes into the treetops in the late
1970s, but even then no one yet understood that this green
umbrella overhead was a critical component of global health.
Exploration of both undersea and outer space was relatively
commonplace prior to the exploration of forest canopies. But with
the recent escalation of climate change and population pressures,
canopies have become a proverbial “canary in the coal mine” since
their declining health is a harbinger of environmental changes on a
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walkways provide sustainable economy to local people in tropical
forests (e.g., www.treefoundation.org). 

Perhaps one of the most creative canopy access tools is the
French-designed hot-air balloon, called Radeau des Cimes
(translation: raft on the rooftop of the world). It flies
independently, but also operates in conjunction with an inflatable
raft (27 meters in diameter) that serves as a base camp or
platform atop the uppermost branches of tall trees. In 1991, the
Radeau des Cimes expedition team pioneered a new technique
called the sled, or skimmer. This small (5 meter across) equilateral,
triangular mini-raft was towed across the canopy by a dirigible.
The sled allows rapid exploration between trees to compare
pollinators, photosynthesis, herbivores, and relative diversity and
abundance of canopy life.

Construction cranes represent the most recent tool for safe
access into the forest canopy. In 1990, the Smithsonian Tropical
Research Institute erected a 40-m-long crane in a Panamanian
seasonally dry forest; since then, ten other crane operations have
commenced in countries such as Australia, Switzerland, Germany,
Japan, Indonesia, the United States, and Venezuela. Cranes are
expensive to install and operate (usually ranging from 1 to 5
million dollars), but offer unparalleled, repeated access to the
uppermost canopy as well as to any section of the understory
within reach of the crane arm. 

The forest canopy is defined as “the top layer of a forest or
wooded ecosystem consisting of overlapping leaves and
branches of trees, shrubs, or both.” Tree canopies represent the
hotspots of the forest —flowers, new leaves, pollinators, birds,
arboreal mammals, orchids, lizards, mosses, and millions of
insects! The essence of energy derived from sunlight all converges
in this region high above the forest floor. Oxygen is just one of
the by-products of this region that represents the interface of
earth and atmosphere. Studies of plant canopies typically include
four organizational levels of approach: individual organs (leaves,
stems, or branches), the whole plant, the entire stand, and the
forest community. Canopy biology is a relatively new discipline 
of forest science formally launched within the last three decades.
It incorporates the study of mobile and sessile treetop organisms
and the processes that link them to the larger ecological forest
ecosystem. Studying mobile bird populations is dramatically
different in methods, tools, and temporal dynamics as compared

to studying sessile lichens anchored to leaf or bark surfaces. 
With the recent urgency surrounding climate change research,
forest canopies have emerged as an important interface between
earth and atmosphere; and episodes such as insect outbreaks or
canopy species extinctions serve as early warning signals
indicative of hotter, drier climates. 

Access to forest canopies has led to the discoveries of millions
of species inhabiting this above-ground world. Quite by chance,
Dr. Terry Erwin of the Smithsonian Institution first discovered the
abundance of life in the treetops. Erwin sprayed several tree
canopies in the tropics with a mild insecticide, and all of the
arthropod residents fell to the ground in a heap, enabling him to
count and catalogue them. From his initial harvest of insects in
Panamanian rainforest trees in 1982, Erwin extrapolated that there
may be 30 million species on our planet, not 1-2 million as
previously estimated. Since then, studies by other canopy
biologists in Australia, Indonesia, and Peru confirmed Erwin’s
predictions that millions of insects inhabit forest canopies. The
jury is still out on the question of how many species inhabit Earth,
however, with estimates ranging from as low as 10 million to as
high as 100 million! 

Field biologists who focus on biodiversity seek to catalog,
identify, and understand the role of all creatures on Earth. This is
not simply a naming game: its ultimate purpose is to understand
the structure and function of an ecosystem, almost the same way
that we seek to know how the components of a car engine
operate together to create an efficient machine. The challenge to
discover and identify species throughout the world is not easy.
Finding a new beetle in the treetops is akin to locating the
proverbial needle in the haystack —ninety percent perspiration
and ten percent luck. All organisms collectively —orchids, beetles,
birds, vines, frogs, and many others— constitute biodiversity,
otherwise known as the variety of species on Earth. The word
“biodiversity” has become politically and scientifically important
over the past two decades, as human activities have accelerated
ecosystem degradation and subsequent loss of species
throughout the world. 

In the 1800s, naturalist Charles Darwin estimated that
approximately eight hundred thousand species inhabited the
Earth. (One can only imagine that the Queen of England was most
impressed by his scientific prowess in calculating this apparently
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global scale. Currently, forest canopy scientists –along with reef
ecologists, ice physicists, soil biologists, water chemists, and others–
are taking on the role of planetary physicians, working against a
near-impossible timeline in hopes of unraveling the critical
mysteries of how our planet functions. With access into forest
canopies, our knowledge of the machinery of forest ecosystems has
greatly expanded. And perhaps less appreciated in a technical
sense, forest canopies enhance our sense of wonder and
appreciation of the natural world, leading to more ambitious
conservation agendas.

Biologists in the nineteenth and twentieth centuries
traditionally based their ideas about forests on observations made
at ground level. These ground-based perceptions are summarized
in a comment by Alfred R. Wallace in 1878:

Overhead, at a height, perhaps of a hundred feet, is an almost
unbroken canopy of foliage formed by the meeting together of
these great trees and their interlacing branches; and this
canopy is usually so dense that but an indistinct glimmer of the
sky is to be seen, and even the intense tropical sunlight only
penetrates to the ground subdued and broken up into scattered
fragments…it is a world in which man seems an intruder, and
where he feels overwhelmed.

Binoculars and telescopes were probably the first tools for
canopy exploration. Charles Darwin, in the nineteenth century,
looked into the tropical rainforest foliage, exclaiming:

Delight itself…is a weak term to express the feelings of a
naturalist who, for the first time, has wandered by himself in a
Brazilian forest. The elegance of the grasses, the novelty of the
parasitical plants, the beauty of the flowers, the glossy green 
of the foliage, but above all the general luxuriance of the
vegetation, filled me with admiration. A most paradoxical
mixture of sound and silence pervades the shady parts of the
wood. The noise from the insects is so loud, that it may be heard
even in a vessel anchored several hundred yards from the shore;
yet within the recesses of the forests a universal silence appears
to reign. To a person fond of natural history, such a day as this
brings with it a deeper pleasure than he can ever hope to
experience again. (Darwin 1883).

Ideas about forest canopies changed very little for almost a
hundred years from Darwin’s day until the 1950s, when a steel
tower was constructed in Mpanga Forest Reserve in Uganda to
study gradients from the forest floor to the canopy. Towers
provided access to monitor insect vectors of human diseases,
representing one of the first applied biological studies conducted
in the forest canopy. 

The 1970s represented the golden age of canopy access with
development of SRT (single rope techniques). Whereas SCUBA
equipment heralded the age of exploration for coral reefs, ropes
and harnesses inspired the “race to the top” (of trees). This
versatile method enabled scientists to reach the mid-canopy with
ease, suspended from a rope to observe pollinators, epiphytes,
herbivores, birds, monkeys, and even sloths. Portable and
relatively inexpensive, SRT allowed even graduate students with 
a modest budget to survey life in the treetops. Ropes were
ineffective, however, to reach the leafy perimeters of tree crowns,
since the ropes had to be looped over sturdy branches usually
close to the tree trunk. To access the leafy outer foliage of canopy
trees, new devices were invented to overcome this limitation. 
For example, botanists in Indonesia devised the canopy boom, 
a horizontal bar with a bosun’s chair at one end, which could be
swung around the leafy canopy away from the woody trunks. 
In Pasoh, Malaysia, a combination of ladders, ropes, and booms
launched research that solved the mystery of the pollination of
dipterocarp flowers. 

Engineers and creative canopy biologists partnered to
construct canopy bridges and platforms in the 1980s. The first
two canopy walkways were constructed simultaneously: one in
Malaysia anchored in tree crowns, and another in Queensland,
Australia supported by telephone poles. The first canopy walkway
was built in North America as recently as 1992, suspended
between oak trees in Massachusetts; but the first public canopy
walkway was opened among oak-palm hammocks in Myakka
River State Park in Florida in 2000. Canopy walkways were
replicated throughout the world in the 1990s, using a modular
construction design developed by Canopy Construction
Associates (www.canopyaccess.com). Since then, canopy
walkways and ladders used in conjunction with climbing ropes,
zip lines, and other tools have become popular for ecotourism
destinations as well as for research. Subsequently, canopy
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of exciting discoveries relating to forest canopies —new
medicines, exotic perfumes, ecosystem services such as cleaning
the air and storing carbon dioxide, keystone predators, and
other food chain dynamics, and important economic products
such as chocolate, vanilla, honey, rubber— and the genetic
origin of almost all fruits and nuts, to name but a few. The next
decade is critical. Forest canopies are essential to healthy
ecosystems that translate into sound economic policies. As my
children summarized in our latest book, It’s a Jungle Up There
(Yale University Press, 2006), “Conservation over conversation is
critical to the next generation.” Simply changing the order of the
letters “s” and “v” creates a blueprint for action that will likely
determine the fate of forest canopies.

33

enormous number!) Nearly one hundred years later, when Erwin
sprayed tropical trees with insecticide and counted his collections
that fell to the forest floor, Darwin’s original tally was raised more
than fortyfold. As a result, scientists now believe that the treetops
are home to a large proportion of biodiversity on the planet. 
(Only the soil microcosm is predicted to exceed canopy biodiversity,
but biologists have not yet learned how to accurately measure
organisms underfoot.) Professor Edward O. Wilson, eminent
biologist at Harvard University, speculated that as many as 100
million species may inhabit our Earth based upon initial surveys 
of the canopy, soil, and oceanic biodiversity combined.

Many canopy species provide essential ecosystem services
that human beings depend upon for survival. In the Amazon,
plants produce chemical defenses against insect attack; and these
chemicals, in turn, are used by indigenous cultures for medicinal
purposes. The shaman (or medicine man) is a highly respected
community leader who has inherited generations of knowledge
about the practice of using plants for medicinal purposes. Canopy
leaves, barks, and fruits provide a veritable apothecary in the sky,
all of which have evolved over time due to the unique
interactions of plants with their herbivores (mostly insects!). 

As a result of this tumultuous history of developing creative
methods for exploration and asking questions in a three-
dimensional and complex habitat, the role of canopy biologists has
changed. No longer can scientists dangle leisurely from the trees
and simply contemplate the beauty of harpy eagles and katydids;
instead, they are caught up in an urgent race against time whereby
answers are needed before the chainsaws win. In short, canopy
scientists cannot afford to sleep! To date, only 1.7 million of an
estimated 30 (or perhaps 100?) million species have been identified.
At their current rate, taxonomists classify approximately 7 000 new
species per year, so the pace is agonizingly slow as compared to the
carnage of deforestation. The notion of sorting, counting, and
naming as many as one hundred million species is daunting. The
ecological task of determining which ones are most important to
forest health is even more challenging. As Stewart Udall, former U.S.
Secretary of the Interior once said: “Over the long haul of life on this
planet, it is the ecologists, and not the bookkeepers of business,
who are the ultimate accountants.”

How many is one hundred million species? Is there a way to
make that enormous number more meaningful for those of us

who are not mathematicians? If 200 scientists discovered and
identified one new species every day for the rest of their lives,
they would need almost 1 500 years including weekends and
holidays to complete their task of identifying the estimated
biodiversity on Earth. That is a lot of time and effort! What a lot of
species! But even more urgent than names alone, biologists need
to determine benchmarks for forest canopy health. Is biodiversity
important? And do we care if some species become extinct? How
much forest and which tree species are critical to maintain this
global machinery that we call a forest ecosystem? Can forests
function in fragments, and will they remain healthy if replanted in
single-species plantations? Unfortunately, no one has answers to
these important questions. Biologists have not studied forest
canopies long enough to understand the processes that are
critical to their health. In the wisdom of Sand County Almanac
(Oxford University Press, 1949), world-renowned ecologist Aldo
Leopold said: “To save every cog and wheel is the first precaution
of intelligent tinkering.” Another famous scientist, Paul Ehrlich,
considered biodiversity analogous to the mechanical parts of an
airplane. He speculated that if an airplane mechanic continued 
to remove nuts and bolts from a plane, the machine would
eventually cease to fly. Similarly, as species disappear, we may 
find that our ecosystems can no longer “fly”, i.e., support life. 
The critical question asked most often still remains: Will such
extinctions reach a critical threshold beyond which humans
cannot survive?

Sixty years later, Leopold’s words hold true today. We need to
preserve all the pieces of ecosystems (i.e., species) until we
identify which ones are essential to the operation of their
machinery. Forest canopies represent “home” to a disproportionately
large number of species. Because forests are such efficient
machines producing energy, medicines, materials, fibers, foods,
nutrient cycling, and atmospheric gases critical to all life on 
Earth, the continued health of forests is directly intertwined 
with human health. 

Since the construction of the first canopy walkway over 
20 years ago, millions of hectares of tropical rainforest have
disappeared, along with thousands of as-yet-unnamed new
species. Losses of forest canopies, as well as other ecosystems,
are critical issues for our children and their children, as they
grow up to inherit the stewardship of our planet. Earth is full 
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forest, 
cycle of life

Chris Maser

The southwest wind of an early-April storm in 1486 blows inland
from the Pacific Ocean. High in a Douglas-fir tree growing along a
stream on the western flank of Misty Mountain, a female cone
awaits the pollen borne aloft by currents of air. As millions of
pollen grains ride the wind, swirling about the receptive cone,
some fertilize the waiting, female gametes.

Over the days and weeks, the seeds mature. With the approach
of autumn, the seeds are blown from their resting places in the
cone by a gust of wind. Landing in an opening on the forest floor,
most are eaten by small animals. Five, however, remained to
germinate. Of those, only two seedlings survive the next two and
a half centuries (1486 to 1736), passing through the stages of
adolescents and maturity, to enter the portal of old age.

In 1836, when the trees are 350 years old, a severe windstorm
knocks  off the top of one of the trees and breaks some of its
branches, which allows a fungus to enter the wounds and begin
to rot its body. Simultaneously, a falling 800-year-old monarch
hits the tree’s sibling hard enough to remove some of its
protective bark near the ground, where it causes a small,
elongated wound. Although tiny compared to the size of the
tree, the wound attracts wood-boring beetles, which chew their
way into the wounded area. In so doing, the beetles expose the
wood to fungal spores, which germinate and begin attacking the
tree’s tissues. The fungus spreads, killing the tissues and
weakening the tree.

By 1911, when the tree is 425 years old, it has a large
weakened area 3 m above the ground. That year, a newly
matured, queen carpenter ant sets up housekeeping in the area
of the old wound. As the ant colony grows, new tunnels are
continuously chewed in the sapwood by worker ants, each of
which is intent on expanding the colony. A pileated woodpecker
finds the ant colony in 1970 and pecks a large, squarish hole into
the mainstream of ant life, where it returns periodically over the
years to dine on the ants.

In 1986, a windstorm, with gusts reaching 110 kilometers
per hour, blows over a small group of Douglas-fir trees that had
been weakened by a root-rot fungus. One falls against the tree
inhabited by the ants, which is now 500 years old. It breaks off
in the area of the old wound and falls diagonally upslope into
the water of a small stream. There it stays, creating habitat for
fish and other organisms, until 1996, when a spring freshet

dislodges the old tree and moves it a hundred meters
downstream, where it is once again anchored to the stream’s
bank by the vegetation growing there.

In the year 2000, there is a flash of fading silver, a swirl of
bright water, and a female salmon flexes her tail against the swift
current as she propels herself to a small gravelly bar just under
the surface near the headwaters of the stream on Misty Mountain,
into which the old tree fell. Again a flash of silver, then another,
and another as other salmon press against the rush of clear, cold
water, each seeking the exact spot to which its inner drive to
spawn impels it.

Suddenly, from somewhere in the shadow of trees
overhanging the stream, there comes a large, magnificent male
salmon of metallic luster now blotched with a life-sucking fungus;
he swims alongside the female with powerful undulations of his
body. They touch, and the female immediately turns on her side
and fans the gravel with strong beats of her tail.

She continues spraying gravel into the current until a shallow
depression comes into definition, after which she begins depositing
reddish-orange eggs, as the male squirts milky-white sperm into the
water. The cloud of sperm, enveloping the eggs as the current carries
it downstream, fertilizes them as they settle into the shallow “nest.”

Having spent themselves to ensure the essence of their
existence through their offspring, the female covers the nest with
powerful strokes of her tail against the gravelly bottom. Now she
and her mate, having fulfilled their life’s mission, swim into deeper
water, where they rest and die. Their death, however, is the gift of
life for last year’s generation of salmon because the youngsters
glut themselves on the decaying carcasses of the adults, just as
this year’s generation will do next year.

But for now, there is an orange, opaque egg in the gravelly
bottom of the stream inside of which a female salmon is
developing. In time, the baby salmon hatches and struggles out of
the gravel into the open water of protected, hidden places in the
stream. Here she will grow for a year, until it’s time to leave 
the stream of her origin and venture into life.

It’s now 2002, and the young salmon can go only one way
–downstream to larger and larger streams and rivers, until at
last she reaches the ocean, all the way beset by increasing
numbers of distracting nooks and crannies to explore and
dangers to overcome.
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On her way to the sea, the young salmon depends on the
driftwood that accumulates in the streams and rivers as instream
habitat –including an old Douglas-fir tree that fell into the stream in
1986 and has been in its current location since 2000, where it
protects her from the swiftness of the current and from opportunistic
predators. In addition, large, well-anchored pieces of wood also help
to stabilize the stream’s channel, increasing the predictability of its
configuration from year to year, as well as contributing to form the
underwater bars of clean gravel in which salmon spawn.

As important as the driftwood is, salmon from all of the
various streams, rivers, and estuaries leave it behind as they
mingle in the open ocean, where external influences, such as
ocean currents and the upwelling of cold water, affect them in
common in what might be called a pool of commonality. It is
therefore impossible to view salmon in the open ocean as discrete
populations because they behave as an aggregate individual with
no visible affinity to a particular river and stream.

Only after some years at sea will the inner urge of individual
salmon dictate their approaching time to spawn. This inner urge
will drive the adult salmon along the Pacific Coast to find the
precise river they descended years earlier, and in so doing, the
aggregate individual will differentiate into identifiable freshwater
populations that are reproductively isolated from one another,
each with its own affinity to a particular river.

Once in the river, they will again differentiate as discrete
subpopulations, each with its own affinity to a particular stream
within the river system. A salmon’s ability to find its required
spawning area depends on its guidance system secreted in the
genetic code within each member of the population, which leads
it back to its home waters when the time to spawn finally arrives.

Thus, in youth the many traveled seaward to become, in
aggregate, the one. Although most died either on that journey or
at sea, the rest confronted the external commonalities that
helped to shape their lives. Then comes the time of maturity,
when the compelling inner drive to spawn, to achieve their life’s
purpose, causes them to separate into smaller groups. Many more
die on the upstream journey, which reaches its climax with the
act of spawning, after which they all die, returning to the Great
Mystery from whence they came.

But the female that descended the stream in 2002 and rested
under the old Douglas-fir, finds it again in this year of 2007, the

year of her sexual maturity. Here, she rests awhile before
compelling her battered, fungus-blocked body to its final
destination, the place where she will spawn and die.

As the dead salmon wash into the shallow water along the edge
of the stream’s banks, they enter the atomic interchange, where
they represent a biological mechanism through which the elements
of their bodies become concentrations of nutrients and energy that
subsidize the forest ecosystem which helped nourish them in
preparation for their journey to the sea. This massive infusion of
decomposing salmon in the forest stream promotes the growth of
algae and bacteria, which help sustain aquatic insects.

Juvenile salmon, steelhead, and cutthroat trout also poke
around the expired, rotting bodies, eating the eggs left in the
females and, eventually, picking off pieces of flesh. This huge
addition of nutriments is critical for the young salmon because the
rich banquet of dead fish enables youngsters to double their weight
in about six weeks. The added body weight greatly increases the
chances that a particular fish will survive to swim the gauntlet from
the stream of its origin far out into the North Pacific Ocean and
return again years later to spawn in the place where it hatched.

As a carcass decomposes underwater, its dissolved nitrogen
and carbon are soaked up by algae and diatoms, the one-celled
plants that form a scum on the gravel and rocks, which in turn 
is grazed by aquatic insects, which in turn is food for the 
salmon that will hatch the next spring. In addition, birds and
mammals that feast on the carcasses, such as eagles, jays, ravens,
wrens, skunks, otters, raccoons, bears, foxes, mice, and shrews,
deposit their droppings on the forest floor.

The culmination of this great infusion of nutrients is that the
scum on the gravel and rocks and the plants along the stream’s
banks, including trees, suck up the nitrogen from the rotting
salmon because nitrogen is an element in short supply in the
soils of the Pacific Northwest. Sitka Spruce in southeast Alaska,
for example, take only 86 years to reach a trunk thickness of 
50 cm when fed by the decomposing carcasses of spawned-out
salmon, as opposed to the normal 300 years to reach that trunk
thickness without the benefit of the salmon carcasses. The forest
plants then drop their leaves, needles, and twigs into the
stream, providing more food for the aquatic insects and,
ultimately, the young salmon, as well as shade for young fish 
in which to hide, eat, and grow.
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Nature’s feat of nourishing the plants and animals requires
about one salmon carcass per every 0.28 square meters of
stream edge. This can be roughly translated into approximately
one dead salmon for the amount of water that would today fill a
standard bathtub.

One turn of the cycle is thus completed —the reciprocal gifts of
driftwood and young salmon from the forest to the sea and of adult
salmon from the sea to the forest. As driftwood travels down the
streams and rivers, it carries the carbon and nitrogen of its body to
the food chain of the ocean and creates stabilizing instream
structures and habitat for young salmon and other fish as the
driftwood rests here and there along the way. As salmon travel
seaward, they also bring elements, such as nitrogen and carbon,
from the forest to the sea. Those that die at sea leave their forest-
derived elements in the ocean, whereas those salmon that survive
to swim the gauntlet back to their stream of origin leave their
ocean-derived elements in the streams and vegetation of the forest.

The tree remaining in the forest, on the other hand, will stand
firm for another two and a half centuries (until 2266), despite the
storm that snapped off its top and broke some of its branches,
despite the fungus that entered the wounds and began to rot its
body. But in 2266, the now-ancient tree will not be able to
withstand the ice storm, which in this year weights it so heavily
on its downhill side that it will succumb to the call of gravity. 
The toppling of the 780-year-old tree will forever alter the forest
and start an irreversible chain of events that will last for more
than four centuries.

The initial response of the forest denizens to the falling of the
ancient tree will vary. By night, a deer mouse, which felt the
vibrations sent through the Earth by the impact of the old tree,
will come to investigate. A passing black-tailed deer will stop to
eat lichens off the branches that are suddenly and unexpectedly
accessible. By day, a chickaree (a small, tree-dwelling squirrel) will
climb onto the old tree and establish a lookout from which to
survey its territory. Birds will land on the branches to warm
themselves in the sun coming through the new opening in the
forest canopy or to search for insects. Flies will land on the tree
to sun themselves, and ants include the newly fallen tree in their
foraging territories.

The fallen tree, warmed in the sun, will attract thousands of
bark beetles that will chew through the bark and thus connect

the outside world with the inside of the tree. As they enter and
begin to use the tree, they will introduce fungal spores and also
initiate the inevitable nutrient cycle with the first deposit of
their bodily wastes.

The character of the available wood, like that of all trees, will
vary greatly in different parts of the tree, where proteins 
are concentrated in the living tissues and carbohydrates are
concentrated in the dead woody tissue. The living tissue will be
more easily digested than the non-living sapwood, but the moist
sapwood will be more digestible than the drier heartwood.

The living tissue, which is located just under the bark,
furnishes the most nutritious food, so this microhabitat will be
promptly occupied. The area of next importance is the sapwood,
then the heartwood, and finally the bark. Each portion of the
fallen tree will thus support a characteristic group of insects
adapted to a specific microhabitat. The numbers of any one
species will be regulated by the quantity and quality of their food
supply, as well as predator-prey relationships.

A year will pass. Needles and bits of lichen from neighboring
trees will join the snow and rain as it comes through the forest
canopy to collect in the fissures in the bark of the fallen tree.
Another year will pass. Seeds of Western hemlock will land on the
fallen tree and germinate. Those that land in a crevice filled with
organic debris from the canopy will grow for a time. But as
summer arrives and the forest becomes hot and dry, the
seedlings will shrivel because their tiny roots cannot yet
penetrate the thick, outer bark of the fallen Douglas-fir.

A Townsend’s chipmunk, collecting salal berries in its cheek
pouches, will scamper along the top of the fallen tree. Suddenly,
out of the shadows bounds a long-tailed weasel that will bite the
chipmunk through the base of the skull. Some of the salal seeds
will spill onto the tree. Again, it is too soon, and they will
germinate only to perish.

An ever-changing variety of animals will use the tree for
shelter, food, foraging, and as perches during its first two years on
the ground. And throughout each year, the surrounding
vegetation will continue to grow and change, gradually adding
another dimension of ever-increasing diversity to the fallen tree.

When the old tree falls, it will create a notable hole in the
forest canopy. Without further disturbance, the increased light
striking the ground will “release” the shade-tolerant understory
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not only inoculating the fallen monarch with microbes but also
opening it to colonization by other microbes and small
invertebrates. Wood-rotting fungi produced zones of weakness,
especially between the tree’s annual growth rings, by causing the
woody tissue laid down in spring to decay faster than that laid
down in summer. 

A series of violent rainstorms in 2211 cause severe flooding,
and the sunken tree in the estuary begins breaking into chunks
that wash back and forth with the tides. In the forest, on the other
hand, the old tree will not fall for another 55 years, until 2266.

By 2250, all that remains of the tree that went to sea is the
substance of its cells, called lignin, which are now part of the
organic material that enriches the floor of the continental shelf, 
as part of the ocean’s eternal story off the coast of the Pacific
Northwest of the United States.

Time passes, as it inexorably does, and the last vestige of the
old tree’s body in the forest disappears in 2675, after having
influenced the site on which it germinated, grew, matured, died,
and decomposed over nearly a thousand years. Thus is the soil
enriched by the life of a single tree as an integral and ongoing
participant in the forest’s never-ending story.
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trees to grow and, with time, to fill in the hole. (Shade-tolerant
means that a plant can survive in the shade of another plant;
when the shade is removed, however, the plant responds with
increased growth.) There are many scenarios in the response of
ground vegetation to the falling of a tree because each tree falls
differently, further compounded by the tree’s size, species, and
health, as well as characteristics of the surrounding forest. 

It is likely that understory vegetation, both existing and
potential, will be released when the large Douglas-fir falls because
of the large opening created in the canopy that admits light to
the floor of the forest. Suddenly, space and resources for plants to
germinate and grow will become available: first, in the mineral
soil of the newly exposed rootwad; second, on the fallen tree
itself as the thick, furrowed bark accumulates litter that forms a
seedbed; and third, in the decaying trunk, where plants will
become established in the wood under the bark.

The newly fallen tree will interact only passively with the
surrounding forest because its interior will not yet be accessible
to plants and most animals. But once fungi and bacteria, which
are smaller than the wood fibers, gain entrance, they will slowly
dissolve the tree’s tissue and enter the cells; meanwhile, wood-
boring beetles, carpenter ants, and termites will chew their way
through the wood fibers. But many other organisms, such as
green plants, mites, springtails (also called collembolans),
amphibians, and small mammals, will have to await the creation
of internal spaces before they can enter.

When the old tree has been on the ground for a century,
plant roots will have penetrated the decaying wood, which they
will split and compress as the roots elongate and thicken in
diameter. Because of all this internal activity, the longer the fallen
tree rests on the forest floor, the greater the development of its
internal surface area. Most of this area will result from biological
activity, the cumulative effects of which not only increase over
time but also act synergistically —insect activity promotes
decomposition through microbial activity that encourages the
establishment of rooting plants, and so on.

Thus, the old tree will increasingly offer myriad organisms
multitudes of external and internal habitats that will change and
yet persist through the decades. Of the multitude of organisms,
a casual observer might notice only a few, such as mushrooms
or bracket fungi. These structures, however, are merely the

fruiting bodies produced by the colonies of mold that will run
for kilometers within the tree. Many such fungi can be seen only
when a decaying tree is torn apart because they fruit within the
body of a fallen tree. Even then, only a fraction of the fungi
present might be noticed because the fruiting bodies of most
appear for only a short time.

As vegetation becomes established on and helps to stabilize
the “new soil” created by the decomposing tree, and as
invertebrates and small vertebrates begin to burrow into the new
soil, they will both enrich it nutritionally with their feces and urine
and mix it by their burrowing activities.

As for the Douglas-fir that washed out to sea in 2016, it
remains beached for fourteen years before a winter storm along
the coast in 2030 again washes the beached Douglas-fir out to
sea, where it floats for a year before being seen by a young tuna
fisherman. Setting his nets, he makes a bumper catch under the
floating tree, which is the only shade-producing structure for
hundreds of kilometers in the open ocean.

In the winter of 2033, the tree is again carried toward land
and this time is deposited in a mudflat along an estuary. A storm
in 2040 moves the now-waterlogged tree toward the mouth of
the estuary, where it finally sinks. Marine, wood-boring
invertebrates, such as gribbles, are attracted to the tree and
penetrate its wood. The sunken tree is fragmented over the years
as the marine invertebrates tunnel their way throughout it. In
addition, much of the wood fiber has been excreted in the feces
of gribbles and other organisms that live in the sunken tree.
During this time it has served as cover and habitat for gribbles,
shrimp, crabs, and fish, to name but a few.

Meanwhile, in the forest, the flow of plants and animals, air,
water, and nutrients between a fallen tree and its surroundings
increases, as the tree’s decomposition process continues. The
water-holding capacity of the fallen tree varies by day, season,
year, decade, and century, adding yet another dimension of
diversity to the forest.

Surface area develops within the fallen tree through physical
and biological processes because the tree suffered some 
cracks and splits when it fell, which gradually began to dry. 
In addition, microbial decomposition has broken down the cell
walls and further weakened the wood. Larval, wood-boring
beetles and termites tunneled through the bark and wood, 
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forest,
climate change

Mario Molina

Humankind has taken the above dictum to heart.  When
Christopher Columbus discovered the New World over half a
millennium ago, there were only 500 million humans on this planet.
Today’s world population of approximately 6 billion people who
inhabit the Earth is expected to reach at least 9 billion by the year
2030.  The repercussions of this huge population increase are
immense: we have controlled natural resources to such a point that
rivers such as the Colorado in the United States and the Nile in
Egypt essentially never complete their natural courses to the ocean.
The majority of forests in the United States and Europe were
eliminated in just a few centuries.  Yet whereas these temperate
ecosystems are on their way to recovery, tropical rainforests are
rapidly disappearing.  The Amazon Jungle –the last major bastion–
is vanishing at a rate of 
22 000 km2 per year.  Over 80% of freshwater consumed in the
world is utilized for agricultural irrigation.  Our very existence and
lifestyle depend on hydrocarbons in the form of coal, natural gas,
and petroleum.  When nature did not provide the chemicals needed
for progress, we made our own, such as the chlorofluorocarbons
that revolutionized refrigeration.  Indeed, we have multiplied and
subdued our planet.  It is hard to imagine the God of Genesis
providing the recipe that would destroy His or Her creation.
Nevertheless, that is what has happened.

The level of environmental degradation and the impact of our
past mistakes have taken on such proportions that this issue is no
longer just the concern of a few select groups, but rather has
become a problem affecting us all.  Some years ago, the world’s
political leadership met in Rio de Janeiro, at the Earth Summit, in
order to orient the international population towards the concept of
“sustainable development,” which proposes to meet present needs
without compromising the welfare of future generations.
Fortunately, it seems that at least part of the business community is
responding, and it is most likely that industry will play a vital role in
this planet’s health in the future.

It should come as no surprise to us that a great many
environmental problems are related to water.  After all, Planet Earth
could well be called “Planet Water.” 70% of its surface is covered by
water.  And we know that water is indispensable for life: it functions as
a medium for the biochemical processes that produce our food and
helps our body digest it; water distributes nutrients to all parts of the
body; and lastly, it aids in the process whereby waste is eliminated.

An analogy not so far-fetched is that for Earth, water is its
lifeblood and lymphatic fluid.  All over the world, water serves as a
means for transferring energy and matter, is responsible for the
climate and diverse weather conditions, and transports waste and
controls its degradation.  Just like our circulatory system, the
hydrological cycle moves water throughout the “body-Earth.”

Some 434 000 km3 of water evaporate from the oceans every
year.  Approximately 398 000 km3 of that amount fall in the form of
rain on the oceans.  The net difference of 36 000 km3, combined
with 71 000 km3 of evaporation produced over the land portion of
the planet, generate 107 000 km3 of continental precipitation.  But
unlike the oceans, the land receives a greater amount of
precipitation 
than the water evaporating from it.  The resulting runoff, as it is
called, transports waste matter on the land’s surface, provides
oceans with nutrients and, once again, redistributes energy
throughout the entire planet.  Why is it that such an enormous,
complicated system is susceptible to environmental degradation?
The answer can be found in the distribution of water’s various
physical states, as well as in the way that Earth’s hydrological 
system depends on minute differences in temperature and
humidity gradients.

Although we live on “Planet Water,” most of this resource is salty,
and while it constitutes an excellent medium for conducting energy,
it is not fit for human consumption.  Only around 3% of all the Earth’s
water is fresh water; of that total, just 0.3% is located in rivers and
lakes.  Most of the planet’s fresh water occurs as moisture in the soil,
in groundwater, and in the South Pole ice cap.  At any given time,
water in the atmosphere – the most active fluid of the hydrological
“machine”– accounts for just 0.001% of all available water.

This extremely small proportion of usable fresh water would be
sufficient for humankind if it were evenly distributed, but that is not
the case.  The Amazon system produces about 20% of all freshwater
runoff in the world; Finland produces around 0.2%.  The world’s
population does not match that distribution: while Canada has
around 100 000 m3 of rain runoff per person, India only has 2 400 m3.

The hydrological cycle is an exquisitely coordinated, balanced
interaction between the atmosphere, the oceans, and the land
which controls the planet’s temperature by moving large quantities
of matter and energy.  The greater part of the sun’s energy is
received in the tropics, mostly in the form of visible radiation.  The
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2 and 6°C above its natural level.  The range of uncertainty is due to
different assumptions regarding patterns of greenhouse gas
emissions and doubts as to the sensitivity of the climate to those
gases.  Adaptation to a temperature increase of that magnitude
might be very difficult both for humankind and for many other
species and ecosystems.  This increment is very significant, in view
of the fact that it is a global average: the difference between a
period such as the present and a glacial era is a mere 5° or 6°C.

Impacts of climate change induced by human activities
One of the most obvious impacts of global warming will be a

rise in sea levels, occurring mainly because water expands when its
temperature increases.  That rise in sea levels is projected to be on
the order of half a meter during this century, and is expected to
continue for several centuries since the oceans warm very slowly.
Said rise will lead to grave problems for communities inhabiting
lowland regions, such as Bangladesh, where over 10 million people
live in an area less than one meter above sea level; Southern China;
islands in the Pacific and Indian Oceans; and the Florida Peninsula in
the United States, among many other coastal and island regions.

It is also possible there will be serious impacts due to problems
caused by extreme climate events.  For example, very high
temperatures in Central Europe in the summer of 2003 were
responsible for more than 20 000 human deaths.  A careful analysis
of this situation shows that most likely, the main cause of this event
was an increase in atmospheric concentrations of greenhouse
gases, and that other such summers will occur more frequently
during the remainder of this century.  It is also probable that the
hydrological cycle will intensify, with a trend towards higher rainfall
in some places and droughts in others.  Since droughts and floods
usually have disastrous consequences for humans, the fact that they
may increase in intensity and frequency due to the greenhouse
effect is extremely worrisome.

From 1930 to 1990, global production of organic compounds
soared from one million to 500 million tons.  These chemical
products have served as an incentive for industrialization, but 
have also brought about an increase in pollutants in our local
environment.  For years, the world’s population has obeyed the well-
known but erroneous refrain “out of sight, out of mind,” dumping
chemical waste into bodies of water and on or into the soil.  Such
past mistakes are today’s nightmare.  To illustrate this point, the
United States is facing the arduous –and almost technologically

impossible– task of cleaning up tens of thousands of polluted plots
of land, for which it would have to spend around 500 billion dollars,
not to mention the clean-up of military lands, which the U.S.
government is hard put to pay.  Several major cities in the U.S. lost
their groundwater sources due to chemical pollution.  But the
United States is not an isolated case: another serious problem
consisted of mercury pollution in Minamata Bay, Japan, where the
consumption of contaminated fish resulted in an entire generation
of children with grave congenital defects.  There are perhaps
thousands of chemical time bombs undiscovered or ignored
looming under the landscapes of the globe.

Some years back, a chemical spill in Switzerland spread death
throughout the rivers of Europe.  For its part, Chernobyl brought to
mind apocalyptic scenes not far from reality.  The damage inflicted
upon the area’s water resources has yet to be determined or was
never reported.  The impact of such disasters had dire
consequences, ranging from vegetables in France to milk in the
State of Washington in the U.S.

We could safely say that a sign of a developed society is its
availability of safe water supplies and sanitation services.  At the
beginning of the twentieth century, early advances in treatment of
water for human consumption and of wastewater enabled
countries such as the United States to make large-scale
improvements in public health and productivity, giving way to a
level of economic growth that now makes them world powers.  Yet
alas, this basic right to have access to safe drinking water has still
not been ensured in many developing countries: over 200 million
cases of water-related diseases are reported annually worldwide,
resulting in more than 
10 million deaths per year.

Water-related diseases are still endemic throughout the globe.
Over 2 billion people, i.e., 40% of the world’s population, are
exposed to the risk of contracting malaria in about 100 countries.
Bilharzia (schistosomiasis) is prevalent in developing countries
because irrigation systems are not operated and managed properly.

If suitable systems for supplying water are the precursors of
progress, then humankind is losing ground.  The number of cases of
water-borne cholera has risen over the past ten years; those
reported in Latin America and Asia increased to 600 000 (figure for
1991).  Given these trends, it was expected that by the beginning of
this decade, some 2 billion people would lack access to safe
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atmosphere, in turn, responds to this with a very active evaporation-
condensation cycle.  Evaporated water –a large portion of which
comes from tropical oceans– conveys energy, which is then
transferred by atmospheric circulation to temperate regions, where
it is released by condensation and precipitation.  At the same time,
warm-water currents originating in these tropical oceans transport
huge amounts of energy towards the poles, which barely receive
any solar energy.  Water vapor also plays a very significant role in
regulating Earth’s temperature by trapping infrared radiation
released on the planet’s surface.

On average, Earth loses the same quantity of energy that it
receives from the Sun, but what it loses is in the form of infrared
radiation.  The atmosphere is transparent to visible light, except for
clouds, which reflect towards space part of the energy coming from
the Sun.  However, the atmosphere is not transparent to infrared
radiation, for it contains certain gases such as water vapor and
carbon dioxide which absorb the radiation efficiently.  Thus, the
atmosphere operates like a “blanket” covering the planet and, as a
result, the average temperature of the Earth’s surface is
approximately 15°C.  Were this planet to have no atmosphere, its
temperature would be -18°C.  This is the so-called “natural
greenhouse effect,” without which the oceans would freeze and life
would not have evolved on this planet.

There is no question that for the first time in history, humankind
has significantly modified the chemical composition of the
atmosphere.  Carbon dioxide levels have risen from approximately
270 ppm (parts per million) 250 years ago –at the start of the
Industrial Revolution– to about 370 ppm at the beginning of this
century.  Such an increase is mainly due to fossil-fuel burning.
Never, in the past 130 000 years –between the two most recent Ice
Ages– has Earth had such a high level of carbon dioxide.  Then it
was naturally produced as the result of little understood
biochemical and physical phenomena that spanned thousands of
years in Earth’s evolution.  Predictions indicate that by the end of
this century, carbon dioxide concentrations could even double or
triple vis-à-vis their natural levels unless very effective measures are
taken to limit the emissions of that gas.  No such levels have
occurred in the past as far as we can tell from paleoclimate records.
The “greenhouse effect,” as it has been termed, refers to the possible
warming of the planet’s surface because of the above-mentioned
rise, caused by human beings, in the quantity of gases in the

atmosphere that absorb infrared radiation released by the planet’s
surface.  Therefore, carbon dioxide is a “greenhouse gas”; others are
methane and nitric oxide, the atmospheric concentrations of which
have also augmented noticeably in recent years as a result of
human activities.

Water vapor is the most important natural greenhouse gas.  But
humankind is not directly altering the amount of that gas present in
the atmosphere: that quantity is indirectly controlled by the
temperature, which determines the conversion of water vapor into
its liquid or solid variants through condensation and freezing, the
processes responsible for cloud formation.  Moreover, when the
temperature rises due to the greenhouse effect, there occurs a
feedback process that can lead to an increment in the amount of
water vapor present in the atmosphere which, in turn, increases the
temperature due to the greenhouse effect induced by that very
water vapor.

But is climate change occurring? What are the fingerprints?
Does data support climate change? Is climate change
anthropogenic in origin? We would say that although there is no
single smoking gun, there is a body of observations that on
aggregate support the hypothesis.  All experts accept that humans
have introduced a variety of greenhouse gases into the atmosphere
with corresponding increases in their concentrations.  All experts
accept the basic physics of the greenhouse phenomenon, a
concept that is directly responsible for life as we know it.  

The rise in this planet’s average temperature during the latter
decades of the twentieth century was markedly superior to the
range of natural variability for that parameter.  Records show that
the hottest year ever since direct measurements of temperature
began was 1998.  Scientific evidence reveals that in the past 30
years, most of this warming can be attributed to increases in
atmospheric concentrations of greenhouse gases, especially carbon
dioxide.  This effect has been recently confirmed through
observations of a warming of the oceans’ upper layer.

We have observed a preponderance of retreating glaciers and a
reduction in Arctic ice thickness.  Sea level has been rising over much
of the globe.  We have satellite observations and analyses that seem
to support the greenhouse theories.  We certainly have observed
regional effects such as increased cloudiness over the Amazon.

Forecasts indicate that during the twenty-first century, the
average temperature of this planet’s surface will rise by between 
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drinking water (a 25% increase with regard to the figure for 1990)
and that 3 billion would lack adequate sanitation services.  Such
conditions of the world’s population should cease to exist as soon
as possible.

Agriculture is the most successful activity –and maybe the only
one– in which human beings have been able to harness and
control the environment on a large scale.  The transformation of
hunter-gatherers into agriculturists marked the commencement of
organized civilization as we know it today.  Nearly 80% of all the
fresh water we consume in the world is used for irrigation.  No other
human activity has a greater impact, or depends as much, on water
quantity and quality.  The following examples provide a perfect
illustration of this symbiotic and indirect relationship.

The San Joaquin Valley in California, U.S., is part of that state’s
productive Central Valley.  In 1982, it suffered a high rate of deaths,
malformations, and reproductive problems among fish and
waterfowl at the Kesterson Wildlife Reserve, located near the 
above-mentioned valley.  Selenium was identified as the major
pollutant.  Ironically enough, this problem arose because irrigation
waters were dissolving and carrying the selenium produced
naturally in the western part of the valley.  The end result was the
degradation of productive lands, serious environmental damage,
and a problem involving huge financial costs that no one has yet
determined how to solve.

The Colorado River Basin area includes seven states –Wyoming,
Utah, Colorado, New Mexico, Arizona, Nevada, and California–, as
well as a small region in Mexico.  The Colorado River is vital to the
people in the basin area, providing water for cities and industries
and for the irrigation of more than 405 000 hectares.    

Since the 1970s, salinity has been recognized as a basinwide
problem in the Colorado River region.  Salt content in the waters of
the Colorado River increases from 50 mg/l at the headwaters in the
Rocky Mountains to about 800 mg/l at Imperial Dam, which is the
final diversion point on the Colorado River in the United States.  
Use of water in agriculture is responsible for about half the salt
content of the Colorado River.  37% of its total salinity is attributable
to drainage of irrigation systems, while the other 12% or so is due to
the evaporation of water contained in the reservoirs used for those
systems.  Damage caused by the high levels of salt concentrations
in the river, including damage to crops and accelerated plumbing
replacement, amounts to over $120 million each year.  Costs have

been projected to reach $238 million by 2010 if no measures are put
in place for controlling the problem.  Salt in the irrigation water also
leads to altered cropping patterns, higher leaching and drainage
requirements, and increased management costs.

A majority of experts concur that some 50% of the water
utilized for irrigation –or 40% of all the fresh water used– is wasted,
leading to the degradation of this resource and of soil productivity.
There are sophisticated water-management technologies and
procedures thanks to which it is possible to avoid that problem.  But
unfortunately, in many parts of the world, existing water pricing
policies encourage waste and inefficient management.  For
example, according to the National Research Council in the United
States, the price of subsidized water varies between 1/4 and 1/30 of
the true cost.  In contrast, users in urban areas in the U.S. pay from 6
to 30 times more for their water than do farmers.  And what is even
worse, 38% of subsidized water in the United States is used to grow
surplus crops which, in turn, need to be subsidized so as to maintain
competitive prices on the market; thus, it should come as no
surprise the wasteful way in which this resource is handled.

Both our health and that of “Planet Water” are inexorably tied to
water distribution and quality.  Impacts on the environment caused
by human activities will affect the Earth most significantly.  Planetary
warming –due to the increase in greenhouse gases generated by
fossil fuel burning– will necessarily alter the hydrological cycle.
These climate changes will be reflected in an increase in sea levels,
with possible grave repercussions such as the pollution of potable
groundwater and the displacement of human settlements; the
redistribution of rainfall and runoff, with serious repercussions for
agriculture; possible increases in climate variability, with a greater
frequency of droughts and floods; and feedback of global warming
due to higher moisture levels in the atmosphere.  Undoubtedly,
these effects will not occur evenly in all places, and it will be
necessary to continue to develop and fine-tune our capability to
predict impacts at the regional level.  Nevertheless, there is
absolutely no doubt that water is the most important means by
which humankind will have to endure the consequences of our
insults to the environment.
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One of the most impressive features of the American Continent 
is that it is the only one stretching continuously from the North to
the South Poles over more than 30 000 kilometers. The enormous
environmental variety of this continent, associated with the
climates and natural conditions of an extremely vast latitudinal
gradient, is one of the reasons for its high biological diversity, i.e.,
its varied ecosystems, plants, and animals.

Crossing the continent are majestic mountain ranges
such as the Rockies in Canada and the United States, the Sierra
Madre Occidental in Mexico, the Talamanca Cordillera in Costa
Rica and Panama, and the Andes, which are located in the eastern
part of South America, running continuously from Colombia to
Patagonia. Scattered among them, these montane landscapes
contain some of this planet’s tallest peaks, such as Mt. McKinley 
in Alaska, Mount St. Helens in the United States, the Popocatépetl
Volcano in Mexico, and the Aconcagua Mountain on the border
between Argentina and Chile.

The continent´s landscape is also defined by extensive plains
and lowlands crossed by spectacular rivers such as the Mississippi
in the eastern United States, the Grijalva-Usumacinta in Mexico,
the Orinoco in Venezuela, and the Amazon in the heart of South
America —the largest river in the world by volume which, with a
length of over 6 700 kilometers and 15 000 tributaries, empties
into the sea more than 230 000 cubic meters of water per second.

Temperate and tropical forests. Vegetation on this continent is
very complex, and can be divided in a general way into
grasslands, scrublands, wetlands, and forests. There are vast
regions on the continent that do not support forests because of
their climate. For example, in the vicinity of the polar circles,
grasses and herbs dominate the vegetation and it is known as the
tundra in northern Canada, or the pampa in southern Chile and
Argentina. In contrast, scarce rain is the major cause for the
absence of forests and the predominance of deserts and arid
zones in northern Mexico and in the southwestern United States,
as well as in northern Chile and southern Peru, and other regions
scattered across the continent.

Forests thrive under particular soil and climate conditions,
especially high humidity, because they need a considerable
amount of water to survive. Forests are classified as temperate and
tropical, according to their location and the climate in which they

develop. Temperate forests, which are usually dominated by one or
a few species of trees, occur widely on mountain chains
throughout the entire continent, even in the high mountains of
otherwise eminently tropical regions. They flourish in regions with a
highly seasonal climate defined by cold or very cold winters and
temperatures often dropping to near zero or below zero
Centigrade. The closer they are to the poles, the harsher the winters
experienced by these forests, and in the most northern or southern
regions, they spend several months of the year covered in snow, in
a latent state, in order to survive the lack of water and nutrients.

In North America, temperate forests include those of
coniferous and broadleaf trees, reaching the southern limit of
their range in the highlands of Honduras and Costa Rica.
Predominating in coniferous forests are gymnosperms such as
pines, oyamel firs, and other kinds of firs, old-growth trees with
needle-like leaves, an absence of flowers, and pine cones or other
types of cones where the seeds are produced. Coniferous forests
are characteristic of the vast taiga, an ecosystem that develops
south of the tundra and stretches, without interruption, in Alaska
and Canada from the Pacific Coast to the Atlantic Coast.

Majestic coniferous forests cover a very large land surface in
the western United States, including California, where we find
sequoias, conifers that reach heights of up to 125 meters and are
among the tallest and most long-lived trees in the world. In
Mexico, temperate forests crown the mountain chains that cross
the country as if they were their skeleton frame and include the
Sierra Madre Occidental, the Sierra Madre Oriental, and the Sierra
Madre del Sur. In the upper parts of the Nevado de Toluca, one of
the highest peaks in the Transvolcanic Belt in Mexico, which
crosses the country from the Gulf of Mexico to the Pacific Coast,
we can see on the horizon the silhouette of mountains covered
with thick forests, forming the typical landscape of this
continent’s temperate regions.

In broadleaf forests, which include oak and cloud forests,
there is a dominance of trees with well-developed leaves that also
produce flowers and fruits. Oak forests are quite abundant in
Mexico, with several species of oak as the dominant tree species.
Broadleaf forests mainly have trees such as magnolias, chestnuts,
oaks, birches, and elms, and are characteristic of the eastern coast
of Canada and the United States, as well as the states of Tamaulipas,
Veracruz, and Hidalgo in Mexico.
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the border between the states of México and Michoacán to
winter after an extremely long migration of over 4 000 km that
begins in Canada. They will reproduce in these refuges before
starting their return trip to the north, at the end of March, to the
regions of the United States and Canada where they will spend
the summer.

Biodiversity in tropical forests is also astonishing. A single
hectare in the Amazon forests of Peru may contain as many as
300 tree species, half of all the tree species occurring in Canada
and the U.S. combined. In dry tropical forests in western Mexico
there are up to 100 plant species in 1 000 m2. Similarly, in a
single tree in the Amazon jungle, one can find more ant species
than all those occurring in Great Britain. In these forests there
are tapirs, jaguars, pumas (cougars), capybaras, monkeys,
kinkajous, grisons, and over 1 000 other mammal species, i.e.,
20% of the planet’s total. Tropical forests support the greatest
diversity of amphibians and enormous varieties of beetles and
butterflies. And although they have been studied for a long
time, every year new species are discovered, including mammals
such as monkeys, porcupines, and sloths.

Natural rhythms and cadences. Annual cycles of temperate and
tropical forests are governed by age-old rhythms and cadences
determined by environmental signals, many of which are
imperceptible to humans, such as the length of daylight and the
rainy season. Throughout hundreds of thousands, and perhaps
millions, of years, organisms have been developing responses to
adapt to those environmental conditions, enabling them to cope
with them and survive on the long term.

In temperate forests, the annual cycle is determined by the
temperature and length of daylight, among other factors. In the
summer, conifers and broadleaf trees encounter appropriate
conditions for reproduction. The feverish activity of animals
accompanies the production of fruits, cones, and seeds. As the
year advances, the days become shorter and the temperature
begins to drop. In fall, broadleaf forests offer a marvellous
spectacle when they paint the landscape with multi-colored hues
and dress up in green, yellow, red, and orange as their leaves
begin to grow old. In contrast, conifer forests are always green.
With winter come the snowfall and frosts, a difficult time for life-
forms. Broadleaf trees have lost their leaves, and the forest seems

sad and desolate. Snow accumulates in many regions, where the
growth of both conifers and broadleaf trees ceases. The survival of
trees scourged by severe storms, strong winds, and extremely low
temperatures is a wonder that becomes perceptible once growth
resumes in mid-spring and the forest once again comes to life.

In tropical dry or tropical deciduous forests, the life cycle is
characterized by marked drought conditions that last up to eight
months. In the middle of the dry season, the majority of trees and
bushes reproduce, simultaneously producing massive amounts of
flowers and spattering the forest with the most varied of colors.
The stifling drought seems interminable, and both plants and
animals find themselves pushed to the limit of their resistance.
Plants, which have been without leaves for several months now,
appear to be dry, exhausted, and even dead, but the end of the
drought is announced by thunder on the horizon. Then one day,
without further ado, it begins to rain, thus relieving life-forms. The
forest recuperates its activity. Plants produce leaves and become
covered in dense foliage. Animals breed, taking advantage of the
abundant food and water available. This abundance will last
around five months. In early autumn, rains become very sporadic
until they cease altogether. And so the cycle recommences.

In contrast, in tropical evergreen forests, also known as
tropical evergreen rainforests, the rhythms and cadences of life
respond to less evident signals. The rainy season lasts almost the
entire year, and the temperature and length of daylight also
remain pretty much the same. Seasons of the year are virtually
non-existent. Nevertheless, both plants and animals have well-
synchronized life cycles, since they reproduce in the period in
which food and water are most plentiful. In these forests, very
severe storms are a common occurrence, and for someone
unaccustomed to them, they may be a terrifying experience, with
thunder, lightning, intense rainfall, and trees collapsing.

Relationships between plants and animals. The structure and
function of temperate and tropical forests maintains a close
relationship by means of very complex interactions with the
abiotic environment, such as soil and the weather, and with the
biotic environment, i.e., plants and animals. The differences
between these types of forests are intimately connected to the
kind of soil on which they occur. For example, near Iquitos in Peru,
soils with varying clay concentrations support very different plant
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In the Southern Hemisphere there are vast temperate forests,
both coniferous —comprised basically of araucarias— and
broadleaf forests —with trees known as beeches or Nothofagus,
which have both flowers and fruits. The largest araucaria forests
are found on the border between Argentina and Chile, where
these trees may reach heights of up to 50 meters and live as long
as a thousand years. Araucaria forests also occur in more tropical
climates such as in Brazil, Paraguay, and northern Argentina.
Beautiful beech forests comprise the landscape typical of
southern Argentina and Chile, in the Fjords Region, Patagonia,
and Tierra del Fuego, at the foot of the huge Andes mountains.

Unlike the forests found in the northern part of this continent,
which are closely related to those of Europe and Asia, the
temperate forests of South America are related to the forests of
Australia, New Caledonia, and New Zealand, which are located
thousands of kilometers away and are separated from them by a
deep ocean. This surprising relationship dates back to the origin
of the continental masses that gave rise to our modern
continents 65 million years ago. At that time, there were only two
large continents: South America, Australia, and New Zealand
formed part of the southern continent, called Gondwana, while
North America, Europe, and Asia were part of the northern
continent, named Laurasia. When these two primitive continents
separated, North and South America were united, maintaining as
a vestige of their geological history the peculiar species composition
of their forests. The origin of their species composition remained a
mystery for a long time, and has caught the attention of scientists
and naturalists since the times of Charles Darwin, who created
the theory of evolution in the mid-nineteenth century.

Tropical forests separate temperate ones between the North
and South Hemispheres of the continent. They are distributed in
regions characterized by a mild climate, without frosts, and with
an average temperature above 22ºC. They run from the coastal
plains of the states of Sonora and Tamaulipas in northern Mexico
to Bolivia, Paraguay, and northern Argentina. Also known as
rainforests, these tropical forests usually have an amazing diversity
of tree species, in which no single species is dominant. They are
extremely varied, and their scientific classification is based, among
other things, on the height of the trees and foliage seasonality.
Dry tropical forests, on the other hand, are typical of the Pacific
Coast from Mexico to Panama, Ecuador, Bolivia, and the Chaco

Region in Paraguay, Brazil, and Argentina. They grow in regions
with marked environmental seasonality, with well-defined rainy
and dry seasons and where tree height is rarely more than 25 m
on the average.

Tropical evergreen or rainforests are the planet’s most diverse
ecosystem. Trees reach a height of up to 100 m, and hundreds of
species coexist in small areas. The largest rainforests survive in the
watershed of the Orinoco and Amazon Rivers, where they cover
more than 4 million km2, equivalent to half the territory of the
United States or twice that of Mexico. These forests are found
mainly in Brazil, but also in wide regions of Venezuela, the
Guianas, Colombia, Ecuador, Peru, and Bolivia.

Biological diversity. Biological diversity in the American
Continent’s temperate and tropical forests is amazing and, as a
whole, represents the greatest such diversity on the entire planet.
In North America, temperate forests support populations of
grizzly and black bears, wolves, lynx, coyotes, wapitis, bighorn
sheep, mountain goats, and countless other species of mammals,
birds, and other organisms. These forests, in general, have fewer
species than tropical forests. On the average, a hectare contains
from five to ten species of trees. Broadleaf forests are more
diverse, with over 20 tree species per hectare, which in Mexico
include madrones, alders, and oaks.

Temperate forests in Mexico and Central America support one
of the highest concentrations of endemic species in these forests
on the continent. In Mexico, some interesting endemic species,
with very restricted distributions, are the Zempoala salamander,
the Ajusco rattlesnake, the Montezuma quail, and the wood
partidge. Some occur in very few localities, making them even
more vulnerable to extinction caused by human activities. 
For example, the Volcano rabbit, also known as the teporingo,
is only found in certain places of the Popocatépetl, Iztaccíhuatl,
Ajusco, and Nevado de Toluca mountains. Coniferous and oak
forests exhibit greater species diversity; there, we can find as
many as 15 tree species in a single hectare.

Forests in central Mexico, along the Transvolcanic Belt, are
home to the winter refuges of the monarch, a small butterfly
weighing 2 grams that makes the most extraordinary migration
of all insects. Every year, in late October, hundreds of millions of
monarch butterflies arrive at the oyamel fir forests located near
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communities in places quite near one another. On the coast of
the State of Jalisco, in Mexico, the hills are covered with drier
forests with an average height of 15 m, whereas on the plains
around rainfed streams, denser forests develop, with greater
diversity, and trees reach a height of up to 25 m.

The relationships between trees and animals are extremely
intricate, and in many cases, not well known. Animals can act as
predators and seed dispersers, as foliage predators, and as
pollinators. Tropical evergreen rainforests could not survive
without the birds and bats that scatter their seeds. In many
instances, the seeds of the trees in the rainforest cannot
germinate if they haven’t first passed through the digestive tract
of birds or mammals. That’s just how intimate their relationship is.
In temperate forests, tree growth depends to a great extent on
the presence of mycorrhizal fungi in their roots, which are
necessary for the degradation and absorption of nutrients from
the soil. However, these fungi should be inoculated by mice,
which do so inadvertently when they are looking for seeds and
other food sources among the roots.

The relationships between plants and animals in the forest
can be modified by human activities, often with catastrophic
results. A recent example of this is the sudden mass mortality of
trees that is taking place in Canadian boreal forests, associated
with an explosive increase in the population of a small
decorticator beetle. Until a little less than a decade ago, this
insect managed to complete its life cycle every year, due to low
temperatures in the winter. Nevertheless, the rise in temperatures
in that part of Canada, linked to global climate change, has
allowed this small beetle to complete two life cycles in a single
year. For that reason, its population has undergone exponential
growth, causing the death of trees in hundreds of thousands of
hectares, and jeopardizing the whole ecosystem.

Environmental services and conservation. Loss of temperate
and tropical forests has serious consequences for the
maintenance of biological diversity on Earth, the basis for
preserving the quality of life and well-being for all humans. These
forests provide huge numbers of environmental goods and
services, that is to say, benefits which we obtain for free thanks to
the functioning of ecosystems, to wild plants and animals. These
goods and services include the combination of atmospheric

gases, soil fertility, the quality and quantity of water available to
us, and the prevention of natural disasters such as landslides and
floods, as well as the supply of raw materials such as wood,
foliage, and essences.

Despite the importance of forests –indispensable for
conserving the conditions making life on Earth viable– every year
millions of hectares of woodlands are devastated, although there
does not seem to be any human power capable of avoiding this
catastrophe. As Dr. Jean Dorst said, humankind has sufficient
elements with which to conserve nature, but it will not be saved
without our spirit. And so, in keeping with age-old rhythms and
cadences, this continent’s temperate and tropical forests, with
their captivating beauty and astonishing diversity, continue the
life cycle, alien to the drama threatening their existence and, with
it, the survival of life on Earth.
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It is not so much for its beauty that the forest
makes a claim upon men's hearts, 

as for that subtle something, that quality of air,
that emanation from old trees, that so wonderfully changes 

and renews a weary spirit.
R O B E R T  LO U I S  S T E V E N S O N



Forests, 
which began to grow on this planet more than 350 million years ago, 

are an example of the wonders of evolution, 
having the ability to adapt to unexpected changes 

and perpetuate themselves over long periods of time.

55



In forests,
the kingdoms of nature unite to create 

an interdependent and 
self-sustaining community.
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We can view the world in which we live 
as a giant organism

in which the functions of 
the Earth and the forests

are closely interwoven with one another.
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Conceived in the fresh, dark “cradle” of forests, 
water transports its vital energy,

minerals, and sediments to other ecosystems, 
and finally to the ocean. 
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In forests, a tree is not an island;
it is a citizen of the community and receives the vital benefits of cooperation, 

exchanges, and mutual efforts, 
just like all living creatures, when 

they form part of a functioning ecosystem.
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Without water, there can be no forests… Without forests, there can be no water. 
Without a healthy forest,

there can be no healthy water.
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Forests are
the spiritual connection

for humans.
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What would this planet be like without forests?
Their functions are indispensable for climate regulation and 

for the continuity of the water cycle. 
They are home to a great diversity of species 

and have provided shelter, food, fuel, and medicines.
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When we say “forest,”
there is a murmur, 

the sound of the eternal movement of an infinite dynamo that adjusts and readjusts itself in the thicket. 
There is a multitude of life-forms that vibrate and crackle, 

opening up to and closing themselves off from life,
obeying invisible forces.

C A R L A FA E S L E R
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None of these creatures, of course, lives in isolation. 
In nature, 

no event stands alone.
Every biological process, each chemical reaction, 

leads to the unfolding of other possibilities for life. 
WA D E  D AV I S
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The treetops reputably house
over 40% of the biodiversity of Planet Earth. 

The combination of sun, fruits, flowers, 
and year-round productivity of the foliage in tropical rainforests 

provide ideal conditions for an 
enormous diversity of inhabitants.

M A R G A R E T D. LO W M A N
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The vital wisdom 
of forests shows us 

that we are all traveling hand in hand
through the cycles of life.
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The most compelling reason for 
halting the destruction

of the rainforest is to 
protect the climate system of the world

and this, in turn, 
would be the biggest favor we could do for biodiversity.

G H I L L E A N  T. P R A N C E
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There is a natural balance
that consists of giving and receiving.

To that effect, forests 
are wonderful teachers.
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Aside from the oceans, forests
—especially tropical ones– 

comprise the richest and most diverse ecosystems
and are the habitat for the greatest number of species.
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To understand a single tree, 
it is necessary to comprehend the entire forest. 

The forest connects us 
to diversity.
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A single tree in the tropical forest releases hundreds of liters of water every day. 
Tropical forests are like a green ocean, transpiring water to the heights, 

a sort of rain in reverse. 
This water forms currents of mist that cross the continents 

like enormous rivers of steam. 
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Forests are many different worlds, visible and invisible,
that populate vast landscapes with characters too large

for the human gaze
or that grow beneath the earth

in very long networks of roots and fungi.
C A R L A FA E S L E R

175



177176



179178



181180



183182



With the rapid destruction of forests
brought on by powerful modern technology, 

excessive demands by our growing human population, 
and consumption in a global economy,

many species are disappearing
even before they are discovered by science.
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Fungi and tree roots blend together
to form a symbiotic association termed mycorrhizal which is mutually beneficial.

Trees provide fungi with the sugars they produce by photosynthesis. 
In return, mycelia enhance trees’ capacity 

to absorb nutrients and water from the soil.
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Through photosynthesis, trees and plants 
are the beginning of the

food chain on this planet.
Without this vital function, neither human beings 

or other animals would exist.
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It is vital to reduce deforestation
because it is calculated that, at present, 

it is responsible for about 22% of the total carbon emissions of the world. 
This is more than is produced 

by the entire transport sector…
G H I L L E A N  T.  P R A N C E
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The truth is that in an increasingly complex and fragmented world, 
we need these ancient forests, alive and intact. 

Today all peoples in this land are drawn together by a single thread of destiny. 
We live at the edge of a clear-cut; 

our hands will determine the fate of these forests. 

If we do nothing, they will be lost within our lifetimes, 
and we will be left to explain our inaction. 

If we preserve these ancient forests, 
they will stand for all generations and 

for all time as symbols of the geography of hope. 

They are called old growth not because they are frail, 
but because they shelter all of our history and embrace our dreams.

WA D E  D AV I S  

217



219

photo captions
p. 55 Forests are the product of an age-old evolution.

They began to cloak the planet 370 million
years ago. 
La Angostura, Argentina

p. 57 Thanks to their great ability to adapt, 
lichens begin the process of ecological
succession by forming soils where other 
plant forms are then established. 
Yendegaia, Tierra del Fuego, Chile

p. 58 Lichens are symbiotic organisms formed by 
an algae and a fungus. This combination 
allows them to survive in the most extreme
conditions imaginable. 
Yendegaia, Tierra del Fuego, Chile

p. 59 The ecological functions performed by mosses
are essential to forests: they produce food and
fix atmospheric nitrogen, but are very sensitive
to atmospheric pollution. 
Puerto Edén, Chile

p. 60 In southern forests, peat bogs formed by excess
water and a scarcity of oxygen are covered with
thick layers of especially adapted vegetation.
Villa O’Higgins, Chile

p. 61 Peat bogs are huge carbon sinks. They cover
just 2%-3% of the Earth, but it is estimated that
they contain 30% of the carbon stored in soil.
Tierra del Fuego National Park, Argentina

p. 62 The biodiversity of peat bogs is amazing: as
many as 50 species per square meter. These
communities depend on the nutrients they
obtain from dead, decomposing plants.
Yendegaia, Tierra del Fuego, Chile

p. 63 Small plants are more adaptable than others.
They form tiny, strange-looking elvish forests
that cover vast areas on this planet. 
Yendegaia, Tierra del Fuego, Chile

p. 65 According to the fossil record, ferns and cycads
are among the most ancient plants. They began
to exist 270 million years before plants with
flowers. Roraima Tepui, Canaima National Park,
Venezuela

p. 66 During the Carboniferous Period 
–some 290 to 360 years ago–, forests with
arborescent ferns, cycads, and conifers were 
the dominant vegetation on Earth. 
Pumalín Park, Chile

p. 78 In Amazon floodable rainforests (várzeas), water
levels rise to as high as 10 meters. When that
happens, it is not unusual to see, among the
trees, fascinating animals such as the Amazon
river dolphin. Mamirauá Nature Reserve, Brazil

p. 79 The soil in lowland humid forests, which is
nutrient-poor, benefits from the fertile mud 
it receives when there is flooding. 
Mamirauá Nature Reserve, Brazil

p. 80 Epiphytes are aerial plants that cover tree
branches and trunks, but are not parasites;
located in the forest canopy, they receive more
light and manage to avoid herbivores.
Montes Azules Biosphere Reserve, Mexico

p. 81 Tropical forests absorb carbon dioxide. 
The retention of this greenhouse gas is just 
one of the numerous ecological services
provided by these forests. 
Iguazú National Park, Argentina

p. 83 Tropical forests are an important part of the
water cycle. They evapotranspire enormous
quantities of water, which becomes part of 
the atmosphere and precipitates as rain. 
Noel Kempff Mercado National Park, Bolivia

p. 84 Temperate humid forests on the northwestern
coasts of the Pacific Ocean in North America 
are one of the most extraordinary and
productive ecosystems in the world.
Tongass National Forest, United States

p. 85 Wetlands where tropical mangrove thickets
grow are home to a large diversity of marine
species and a natural protective barrier against
the beating of the waves and hurricanes. 
Área de Conservación Guanacaste, Costa Rica

p. 86 Some rainforests in the Amazon Basin have 
at least 308 tree species per hectare, many 
of which are endemic. 
Los Amigos River Conservation Concession,
Peru

p. 87 Forests do not only produce oxygen and absorb
carbon dioxide, they also protect the soil,
moderate the climate, and take part in the water
cycle. These are all known as environmental
services. Corcovado National Park, Chile

p. 88 Rivers in forests are home to a very diverse, but
not well-known fauna. Fishes interact actively
with the forests and are an essential part of the
life cycle that perpetuates them. 
Lacandona Rainforest, Mexico

p. 67 Ferns are an important part of the epiphytic
flora that covers trees in montane cloud forests
and temperate and tropical humid forests.
Pumalín Park, Chile

p. 68 Some arborescent ferns reach heights of up to
25 meters. They are formed by a woody trunk
topped by “leaves” called fronds. 
El Triunfo Biosphere Reserve, Mexico

p. 69 Araucarias can live for up to a thousand years,
and are considered “living fossils,” for they date
back to the Mesozoic Era. Nowadays, araucaria
forests cover a very small area in South America.
Nahuelbuta National Park, Chile

p. 70 The basins of some of the most voluminous
rivers in the world are covered with tropical
rainforests, whose vegetation is continually
recycling rainwater. 
Amazon River, Brazil

p. 71 Some rainforests have the highest biodiversity
indices on Earth. The majority of their species
require high atmospheric moisture
concentrations. 
Corcovado National Park, Chile

p. 73 The Amazon overflows twice a year, covering
the várzeas, or floodable rainforests of the
Iquitos region. At those times, one travels
through the forest by canoe, and not on foot.
Pacaya-Samiria National Reserve, Peru

p. 74 North of the Rocky Mountains, there are vast
coniferous forests. This region was one of the
glacial refuges where these plants survived 
the Ice Age. 
Banff National Park, Canada

p. 75 Lakes in temperate regions are usually the 
result of glacial melting, as well as the
precipitation that falls on their forests in 
the form of rain and snow. 
Banff National Park, Canada

p. 76 The Teton Region, located at the foot of 
the Rocky Mountains, has deciduous forests
where we find combinations of two or 
three tree species. 
Grand Teton National Park, United States

p. 77 Temperate rainforests in the Southern
Hemisphere are considered to be ecosystems
that are crucial to preserve, both for their
species and due to increased deforestation.
Corcovado National Park, Chile
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p. 89 The flora and fauna of floodable rainforests
(várzeas) is adapted to living partially
submerged in water for long periods. 
Villa O’Higgins, Chile

p. 91 Tropical moist forests have some of the highest
freshwater concentrations on this planet. Yet
they are being deforested at an alarming pace.
Iguazú National Park, Argentina

p. 93 The aerial roots of this amate tree penetrated
the bottom of a cenote. When these fig trees
germinate on top of other trees, they strangle
them with their roots, hence the name
“strangler fig.” Yucatán Peninsula, Mexico

p. 94 Lakes in the Amazon, called cochas, are full 
of life. Thousands of plant, insect, fish,
amphibian, reptile, bird, and mammal 
species live only in their waters. 
Pilchicocha Lake, Ecuador

p. 95 Vegetation in wetlands offers ideal conditions
for the reproduction of many aquatic species
because it concentrates nutrients, produces
food, provides refuge, and maintains suitable
temperatures. Epuyén, Argentina

p. 96 Poplar forests form clonal colonies that
reproduce by means of their roots. Each tree
lives for around 150 years, but the root system
survives for thousands of years. 
Crested Buttle, United States

p. 97 Due to climatic fluctuations, certain tropical
regions have several different types of forest or
rainforest, such as medium-height subevergreen
tropical forests and low semi-deciduous tropical
forests. Calakmul Biosphere Reserve, Mexico

p. 98 Mexico holds first place in the world in terms 
of pine species diversity. Its forests, which are
generally mixed, occupy the so-called “sky
islands” and contain more than 50% of known
species. Maderas del Carmen, Mexico

p. 99 Southern forests are comprised of plant 
species whose communities are very resistant
to extreme climatic conditions. 
Karukinka Nature Reserve, 
Tierra del Fuego, Chile

p. 100 Although apparently static, forests react 
in a very dynamic and varied way to 
constant seasonal changes. 
Pumalín Park, Chile

p. 114 In tropical forests, the exuberance of life is
astonishing. There is constant competition for
light and nutrients. Some plants grow on top of
others to get both of these. Los Amigos River
Conservation Concession, Peru

p. 115 Larch trees in temperate forests in southern
Chile and Argentina are among this planet’s
most long-lived trees. They last for more 
than three thousand years. 
Pumalín Park, Chile

p. 117 When a fig strangles its host tree, insects, 
fungi, and other organisms decompose its 
dead wood. That is how figs take on a 
sculptural aspect. 
La Selva Biological Station, Costa Rica

p. 118 Swamps in the southeastern United States still
conserve relicts of bald cypress and swamp
cypress. These two species are particularly 
well-adapted to live with “wet feet.”
Francis Beidler Forest, United States

p. 119 The swamp cypress and its relative 
—the bald cypress— have a wide base 
and several protuberances, called “knees,”
for obtaining oxygen. 
Francis Beidler Forest, United States

p. 120 The aerial roots of tropical trees constitute an
extraordinary structural adaptation. These roots
allow the trees to support their heavy branches
and stand on very thin soils. 
Calakmul Biosphere Reserve, Mexico

p. 121 In montane cloud forests in the Andes, aerial
roots of trees also absorb moisture from the air.
As a whole, they form impressive scenes.
Guandera Biological Station, Ecuador

p. 122 In these ecotones in northern Mexico, 
where the pine-oak forests of the sierras meet
the desert, the five feline species occurring 
in the Americas still survive. 
Cuenca Los Ojos, Mexico

p. 123 The red color of leaves comes from
anthocyanins, which are only produced in the
fall; these pigments also give strawberries, red
apples, and plums their different shades of red.
Los Glaciares National Park, Argentina

p. 125 Like forests in cold regions, those in desert
zones are comprised of especially adapted
trees, bushes, and scrub. The climate sculpts
its whimsical forms. 

Arches National Park, United States

p. 101 Forests are immense communities of life 
where each and every plant or animal species
depends on the others in a harmonious, 
age-old interaction that perpetuates them all. 
Banff National Park, Canada

p. 103 The coniferous forests of the Great Divide 
of North America have many native species. 
In the lowlands, these trees occur alongside
different deciduous species. 
Catspaw, United States

p. 104 Ecological processes in the forest canopy 
are essential for life on Earth. Photosynthesis
and natural cycles involving the water, 
air and nutrients occur there. 
Manú National Park, Peru

p. 105 The canopy of certain forest ecosystems is
home to unbelievably diverse epiphytic plant
communities. They are represented mostly by
lichens, mosses, ferns, orchids, and bromeliads.
Manú National Park, Peru

p. 106 It is estimated that forest canopies contain
more than 40% of the world’s terrestrial
biodiversity; one can observe layer upon 
layer of life.
Napo River Region, Ecuador

p. 107 Tropical humid forests have existed for over 
60 million years. They have more than 50% 
of the world’s species, but cover only 7% of 
the planet’s land surface. 
Osa Peninsula, Costa Rica

p. 109 The Chocó is one of the regions in the world
with the highest rainfall. Its dense rainforests 
are home to between 10 000 and 12 500
vascular plant species alone. 
Bilsa Station, Ecuador

p. 110 In the canopies of rainforests —with their
abundance of leaves, flowers, fruits, epiphytes,
and vines— plants and animals interact,
mutually dependent on one another. 
Yasuní National Park, Ecuador

p. 111 In the premontane moist forest of the 
Chocó Bioregion, a total of 45 mammal,
330 bird, and over 2 000 plant species have
been documented.
Bilsa Station, Ecuador

p. 113 In forests with high atmospheric moisture
indices, vegetation colonizes any type of
surface. The profusion of ferns, mosses, lichens,
and other epiphytes creates fantastic scenery.
Corcovado National Park, Chile

p. 126 Aside from the more intense rainfall in North
America, these coastal temperate forests receive
moisture in the form of fog or mist. Hence 
the profusion of their epiphytic flora. 
Olympic National Park, United States

p. 127 These temperate humid forests amaze us 
with their marvelous collection of plants that
thrive in all their strata. An exceptional fauna
finds its habitat here as well. 
Olympic National Park, United States

p. 128 Due to the rigorous climate, and especially 
the strong winds, trees in Tierra del Fuego 
are not very tall, and have strangely twisted 
trunks and branches. 
Yendegaia, Tierra del Fuego, Chile

p. 129 Plant diversity in the underlying layer of
vegetation in forests, called the “understory,”
varies according to the geographic region,
climatic conditions, and light. 
Rincón de la Vieja National Park, Costa Rica

p. 130 Montane cloud forests in sierras harbor 
many endemic species. Their communities
tolerate contrasts between prolonged 
droughts and torrential rains. 
Sierra Gorda Biosphere Reserve, Mexico

p. 131 Vegetation is more dependent upon
environmental humidity than rain per se. 
Forests generate moisture by evapotranspiration,
participating in the life cycle. 
Sierra Gorda Biosphere Reserve, Mexico

p. 133 In all forests, but especially in tropical ones,
vegetation maneuvers in a thousand different
ways to gain access to light. This tree has
twisted its branches to do so. 
Montes Azules Biosphere Reserve, Mexico

p. 134 Coastal sequoia trees are apparently the tallest
and largest organism that exists on Earth. 
To pump water up to its top is a marvel of
natural engineering. 
Redwood National Park, United States

p. 135 Tropical trees’ adaptive structures produce
microhabitats located in all the strata of the
forest, from the canopy to the subsoil. 
Montes Azules Biosphere Reserve, Mexico

p. 137 When they grow, araucaria trees lose their 
lower branches and concentrate their foliage in
the high parts. Their leaves are very long-lived,
lasting from 11 to 16 years. 
Conguillio National Park, Chile

p. 149 Perhaps the places where the indissoluble
relationship between water and life is most
evident are their extremes: rainforests and
desert scrub. 
Yasuni National Park, Ecuador

p. 150 Plants have developed the most varied
strategies to discourage certain animals and, 
at the same time, attract others. It is hard to be
sure if this leaf is hiding itself or seducing some
animal. The Chocó Region, Colombia

p. 151 Many plants place their flowers in the forest
canopy to protect them from herbivores, but at
the same time they make them colorful with
interesting aromas to attract pollinators. 
El Triunfo Biosphere Reserve, Mexico

p. 152 During the brief summers in cold regions, 
and depending on factors such as rain and
temperature, boreal forests become 
cloaked with flowers. 
Banff National Park, Canada

p. 153 In temperate deciduous forests, the falling of
the foliage goes hand in hand with the drop in
temperatures during autumn. Poplars in
Colorado usually burst into color three weeks
after those in Canada. Catspaw, United States

p. 154 The intense autumn colors in temperate
deciduous forests depend on specific
combinations of temperature, exposure, 
and moisture. 
Baxter State Park, United States

p. 155 Soil formation in deciduous forests depends to
a large extent on the senescence of the foliage;
in rainforests, the factor is the abundance of
mosses and other inferior vascular plants. 
Aysén, Chile

p. 157 Montane cloud forests are dependent upon
environmental humidity. They have many
different microclimates, which have permitted 
the evolutionary development of numerous
endemic species. San José del Pacífico, Mexico

p. 158 In rainforests, evapotranspiration is so intense
that as soon as it stops raining –it generally
precipitates in strong downpours–, the forest
becomes covered in mist. 
La Amistad Biosphere Reserve, Panama

p. 159 When we walk through forests on certain special
autumn days, we see unique combinations of
light, color, and moisture producing such
fantastic effects that we feel we are in a dream.
Baxter State Park, United States

p. 138 Amate trees and other tropical fig trees
generally grow in unusual places such as rocks
and cliffs, which they envelop with their roots 
in a spectacular fashion. 
El Chico National Park, Mexico

p. 139 Tree buttresses are part trunk and part root.
Sometimes they measure more than 40 meters,
which enables the tree to “anchor” itself and
take better advantage of the soil’s scarce
nutrients. Manú National Park, Peru

p. 140 These idyllic Andean forests remain covered 
in clouds and are home to fascinating endemic
animals such as the jucumari, or spectacled
bear, one of the rarest animals in the world.
Guandera Biological Station, Ecuador

p. 141 In southern temperate humid forests, high
humidity indices foster the presence of huge
plants such as the nalca, which is edible.
Corcovado National Park, Chile

p. 142 Certain epiphytes, such as these bromeliads,
store water among their leaves. These small
aerial pools are home to many organisms which
form authentic miniature ecosystems. 
El Triunfo Biosphere Reserve, Mexico

p. 143 Rainforests have more species per unit area
than any other terrestrial ecosystem. The subsoil
contains great numbers of species, most of
which are not known by science. 
Orinoco Jungle, Guayana

p. 144 In the autumn, deciduous leaves discompose
on the ground and release their nutrients. 
When they fall into the water, they become
scattered like in a circulatory system. 
Baxter State Park, United States

p. 145 In cordilleras, vegetation takes advantage 
of moderate temperatures to produce both
flowers and fruit. This seasonal abundance of
food enables the local fauna to survive for the
rest of the year. Pumalín Park, Chile

p. 146 Wetlands in lowlands are vital for fauna, 
in particular for migratory birds, which use 
them as resting spots during their long 
seasonal voyages.
Valdivia, Chile

p. 147 One of the most treasured assets of forests 
are their flowers. Thousands of species of
insects and other animals feed on their nectar
and, in exchange, pollinate them. 
Appalachian Mountains, United States
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p. 160 Silhouettes in forests appear fleetingly 
against this small “island of light and fog”
on the Andean slopes. 
Andean Cordillera, Peru

p. 161 Sunlight plays with the morning mist, which
stretches slowly after sleeping under the
blanket of the forest canopy. Moments like this
evoke ancestral memories. 
Pumalín Park, Chile

p. 162 Light, heat, water, and chemical nutrients 
were the primitive conditions for life. 
Current biological wealth is due, above all, 
to the oxygen produced by plants. 
Iquitos Region, Peru

p. 163 Amazon rainforests are one of Earth’s largest
plant reserves. They still conserve 82% of their
flora and fauna, but are seriously threatened.
Los Amigos River Conservation Concession,
Peru

p. 165 When the fall arrives, the leaves of deciduous
tree species begin to turn yellow, gold, orange,
and red, colors that are in bright contrast with
the perennial green tones of conifers. 
Mount Kineo, United States

p. 166 In late September, deciduous forests in the
Northern Hemisphere begin to change color 
in preparation for the winter. 
Acadia National Park, United States

p. 167 In the Southern Hemisphere, the leaves also
turn all sorts of colors in the fall but, unlike 
what occurs in the Northern Hemisphere,
here this usually happens in late March. 
Tierra del Fuego, Argentina

p. 168 Although it is spectacular, senescence is a
biological adaptation of trees to support 
the cold of winter or droughts. This constant
change reminds us of transformation and
movements in nature. Aspen, United States

p. 169 There are few regions where rain falls in the
winter instead of the summer. The differences
between the forest species of both climates 
are incredible.
Mount Rainier National Park, United States

p. 170 Mexico is the diversity center for oak, with 150
species. Pine and oak forests are essential for
many birds. Cuenca Los Ojos, Mexico

p. 182 In forests to the west of the Rocky Mountains,
the number of trembling poplars has decreased
considerably. And with them, important
habitats and sources of water are disappearing
as well. Colorado, United States

p. 183 Human activities —particularly slash and burn
agriculture and illegal tree felling— have
reduced the number and size of forests
drastically over the past 40 years.
Shawangunk Ridge, United States

p. 185 At present, only some 4% or 5% of the original
Californian sequoia forests remain. It is expected
that this small population will not manage to
survive in isolated areas. Jedediah Smith
Redwoods State Park, United States

p. 186 The destruction of native southern forests has
risen exponentially in the last few decades. It is
urgent to set protection and conservation
policies in order to save what is still left. 
Aysén, Chile

p. 187 Thanks to financing by a non-profit foundation,
275 000 ha of forests were purchased in the
Chilean portion of Tierra del Fuego to convert
them into a park and conserve them. Karukinka
Nature Reserve, Tierra del Fuego, Chile

p. 188 In appropriate temperature, light, and moisture
conditions, lichens colonize almost any surface.
Their growth is extremely slow. 
Kings Canyon National Park, United States

p. 189 In certain tree species, flowers grow directly on
the tree trunk instead of on the branches. Since
they are located near the ground, they attract
insects and other small animals of the
understory. Manú National Park, Peru

p. 190 Mexican low deciduous tropical forests are rich
in endemic species and are the world’s diversity
center for the copal tree and its relatives. 
Only 1% of their original extension remains. 
Zopilote Canyon, Mexico

p. 191 When the host trunk of figs disintegrates, 
the holes among the roots of these figs serve
as a habitat for many species such as agoutis,
snakes, ants, and bees. 
La Selva Biological Station, Costa Rica

p. 192 Vines or reeds are woody climbing plants that
go up trees in order to reach the canopy and
receive more light. They may be found in many
different ecosystems. 
Tambopata National Reserve, Peru

p. 171 Deciduous trees produce food energy in the
summer, store it in their trunks and roots before
they shed their leaves in the autumn, and
consume it during the winter and spring.
Appalachian Mountains, United States

p. 172 This tree germinated on top of a rock, 
and its roots descended to the ground in 
order to take nutrients from the soil.
British Columbia, Canada

p. 173 Sometimes dried up, sometimes totally unruly,
rivers vary constantly in terms of their volume
and level in forests, according to the season of
the year and precipitation indices. 
Montes Azules Biosphere Reserve, Mexico

p. 175 In the Andes Cordillera, araucaria forests
transport visitors to very remote eras. Due to
their food, medicinal, and ornamental values,
these trees have been sacred for the Pehuenche
Indians. Conguillio National Park, Chile

p. 176 Thanks to their profuse epiphytic vegetation,
montane cloud forests are likely to awaken 
our imagination. The plants hanging on these
trees look like bearded old wise men. 
Ixtlán de Juárez, Mexico

p. 177 Miniaturized forests in cold southern regions 
on this continent are like little gardens where
trees, plants, and lichens create communities 
of life-forms. 
Tierra del Fuego National Park, Argentina

p. 178 Some forests in Tierra del Fuego have very
slender trees due to the extreme climate. 
In time, these trees become completely
covered with lichens. Karukinka Nature
Reserve, Tierra del Fuego, Chile

p. 179 In low deciduous tropical forests, the trees cast
off their leaves in order to lessen water loss and
tolerate long seasonal droughts, which often
last up to eight months. 
Zopilote Canyon, Mexico

p. 180 In forests of areas with cold winters, trees
recover their foliage and plants turn green
again in the early weeks of spring. 
Great Smoky Mountains National Park, 
United States

p. 181 Montane cloud forests in Talamanca are 
among the 200 global priority ecoregions for
conservation defined by the World Wildlife Fund
(WWF). 
La Amistad Biosphere Reserve, Panama

p. 193 Climbing plants are a very diverse group. 
They occur in almost all climates, from southern
zones to the tropics, in both hemispheres 
of the American Continent. 
Amacayacu National Park, Colombia

p. 194 Fungi are vital in any ecosystem, for they
humidify organic matter in the soil. 
Without them, nutrient cycles would 
take centuries to be completed. 
Chichinautzin Biological Corridor, Mexico

p. 195 Myrtles are often part of the gallery forests 
that cover wet ravines. They belong to 
different species and can be found 
throughout the Americas. 
La Angostura, Argentina

p. 197 Some bark is so dense and thick that it
manages to protect the tree against fire. 
The bark of certain Californian sequoias 
can be as thick as 25 cm. 
Sequoia National Park, United States

p. 198 Tree bark is a special adaptation to the
conditions in which each species evolves; the
diversity of bark is amazing.
Zopilote Canyon, Mexico

p. 199 Bark is dead tissue whose main function is to
protect the tree’s living parts. Lichens colonize
some of them as they do any other inert matter.
Amazon Rainforest of Guayana

p. 200 Apart from biological functions such as
absorbing water and nutrients and anchoring
plants to the ground, roots perform vital
ecological functions, preserving and enriching
the soil. El Pantanal, Brazil

p. 201 We are now aware that forest canopies are
home to millions of species not yet known 
to science, as is the case of the mysterious,
biodiverse underground worlds of roots. 
Yawkey Wildlife Center, United States

p. 202 Life and death. Renewal and decadence. 
In forests, the pulse of life is impossible to
overlook. When time passes, dead leaves 
will be life-giving ground. 
Napo Wildlife Center, Ecuador

p. 203 Despite the abundance of organic matter in 
the soil of rainforests, rain is necessary, as are
also conditions of high humidity, so as to turn
that matter into nutrients and soil. 
Sacha Lodge, Napo River, Ecuador

p. 217 Undoubtedly, one of the saddest chapters of
our times is the extinction of our forests. 
Only with decided, coordinated actions will 
we be able to conserve them for our own good
and for the sake of future generations.

p. 204 Bromeliads colonize very different kinds of
surfaces. These grew on a rock on an island
along with other plants. 
Lacandona Rainforest, Mexico

p. 205 The visible part of fungi is just a reproductive
structure. The organism’s tissues, 
called mycelium, stretch over kilometers 
in moist organic soils. 
El Chico National Park, Mexico

p. 206 In the dark understories of the tropics, 
many species have undergone evolutionary
adaptation to life under conditions involving 
a lack of light. 
Sacha Lodge, Napo River, Ecuador

p. 207 Fungi and tree roots establish symbiotic
relationships that are mutually beneficial. 
These relationships are termed “mycorrhizal” and
without them, some forests would not even
exist. Chichinautzin Biological Corridor, Mexico

p. 209 Our origins date back to a distant arboreal past.
Contact with forests awakens ancestral
memories and revives our virtually 
forgotten link with nature. 
Kings Canyon National Park, United States

p. 210 In poplar-conifer mixed forests, the latter end
up predominating and extinguish the former as
part of an endless evolutionary process. But this
situation can be reversed due to the presence
of pests in the conifers. Colorado, United States

p. 211 Although it is not the tallest sequoia in the
world, “General Sherman” is the largest living
organism in existence. Its wood accounts for 
1 487 cubic meters. 
Sequoia National Park, United States

p. 213 Surrounding the vast Arctic Tundra, the first
lines of trees seem to challenge the
inclemencies of the weather. Fortunately,
human activities take place far away from 
these forests. Alaska, United States

p. 214 Whipped by constant winds, this tree survives
precariously, with its living portion facing
leeward. 
Tierra del Fuego National Park, Argentina

p. 215 Thanks to its impressive adaptive capacity,
which they have perfected over millions of
years, boreal conifers survive even winter
blizzards that cover them with ice. 
Alaska, United States
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