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Chapter 27

Environmental Promise and
Peril in the Amazon

William F. Laurance

OVERVIEW

The Amazon basin sustains about half of the world’s remaining tropical forests, and is being destroyed and degraded
at alarming rates. About one fifth of the Amazon has been deforested and perhaps another third degraded by selec-
tive logging, surface fires, habitat fragmentation, and edge effects. Hunting and illegal gold mining have also altered
large expanses of the region, even in many remote areas. The rapid pace of forest conversion may accelerate in the
near future because of a major planned expansion of transportation infrastructure, which greatly facilitates forest
colonization, predatory logging, and land speculation. If such projects continue unabated, much of the basin’s forests
could be fragmented on a large spatial scale, sharply increasing the vulnerability of surviving forest tracts to a range
of exploitative activities.

However, the conservation prognosis is not entirely negative. In parts of the Amazon, regenerating forest on aban-
doned land provides habitat for certain wildlife and is far superior to cattle pastures in its hydrological functions and
carbon storage. The greatest cause for optimism is the prospect of a substantial expansion of protected and semi-
protected areas, particularly in Brazilian Amazonia. In addition, a growing network of indigenous lands is helping to
reduce forest exploitation in some areas. Unfortunately, many reserves are poorly managed and protected, and a key
challenge is to establish basic staffing and infrastructure for planned and existing parks. Improving the enforcement
of environmental legislation in remote frontier areas is also a daunting challenge for Amazonian nations.

INTRODUCTION

In the biblical book of Revelation, the dawning of
the Apocalypse sees four dark horsemen – famine,
war, pestilence, and disease – raining down hor-
ror on humanity. Some believe that the Amazon
could face its own kind of apocalypse in the
coming century. Its horsemen will be different:
not famine but the rapid expansion of agricul-
ture; not war but industrial logging; not pestilence
but wildfires; and not disease but widespread for-
est fragmentation. Others, however, believe that
the analogy of an apocalypse is too pessimistic
(e.g., see Putz and Zuidema Chapter 28, this
volume). In this chapter I briefly describe the
most important threats to the Amazon, and sug-
gest how the basin’s forests might be altered in
coming decades. The Amazon, I conclude, faces a

dynamic combination of environmental promise
and peril.

The Amazon basin sustains well over half of the
world’s remaining tropical rainforest (Whitmore
1997) and includes some of the most biologi-
cally rich ecosystems ever encountered. Closed-
canopy forests in the basin encompass about
5.3 million km2, an area the size of western
Europe (Sarre et al. 1996). By far the most exten-
sive forest type is terra firme – forests that are
not seasonally flooded. There also are large areas
of seasonally flooded forest along rivers and in
floodplains (termed várzea if they are flooded by
relatively nutrient-rich white waters, and igapó
if inundated by nutrient-poor black waters), and
limited areas of bamboo forest and vine forest.
In addition, scattered savannas and open forests
occur in drier areas of the basin, where narrow
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Preface

It is not hyperbole to say that there has been
an explosion of research on tropical forest ecol-
ogy over the past few decades. The establishment
of large forest dynamics plots in tropical forests
worldwide, in and of itself, has led to a near rev-
olution in our understanding of forest change. In
addition, there has been a substantial increase in
the use of models and experiments to test long-
standing theories developed to explain the striking
patterns found in tropical forests and the putative
mechanisms that underlie these patterns. When
we started this project, we felt that a compre-
hensive synthesis of tropical forest community
ecology was necessary in order to help the field
move forward. Of course, no single volume could
do this. Nonetheless, this book is our attempt to
make a significant contribution to the field, and to
ask anew: What are the main theories in tropical
ecology, and which ones are supported or refuted
by empirical data? Thus, we have attempted to
assemble a volume that describes the most up-to-
date findings on the important theories of tropical
forest community ecology. We hope that this book
accomplishes this goal to the degree possible, while
at the same time providing a road map of what we
know, what we think we know, and where future
research is most needed.

The focus of the chapters in the volume is at
the community level because this is where some
of the most fundamental questions in tropical
ecology exist. Indeed, perhaps the greatest chal-
lenge to community ecologist is to explain what
processes account for the maintenance of the stag-
gering diversity of plants and animals common in
tropical forests around the globe. Still, our empha-
sis on communities definitely reflects our bias as
community ecologists. While we have focused on
communities, we certainly recognize the impor-
tant contributions to tropical ecology that have
come from those who study different levels of

ecological organization. Indeed, it is difficult to
understand communities without understanding
the ecology of populations and individuals. We
decided to focus on forest communities because,
to date, that is where the bulk of research on trop-
ical community ecology has been conducted. We
acknowledge that our focus has forced us to omit
many important studies. Nonetheless, the empha-
sis on tropical forest community ecology provides
enough material to fill multiple edited volumes,
and thus we have attempted to focus on the areas
that have received the most empirical attention,
along with some topics that are currently nascent,
but are rapidly becoming key areas in tropical
ecology.

Each chapter in this book was reviewed by at
least two relevant experts. We thank these review-
ers for their efforts and we are indebted to all of
them. We will not list them by name, thus allow-
ing them to remain anonymous. We also thank the
production team at Newgen Imaging Systems, and
our editors at Blackwell for guiding us through the
publication process.

This book, as with all edited volumes, would
not have been possible without the dedicated con-
tributions of the authors, each of whom is an
expert in his or her respective area of study. For
their hard work, truly top-notch contributions,
and their patience throughout this process, we
owe them a great deal of gratitude. This book is a
tribute to their research, along with the research
of all of the other scientists whose work is cited in
this volume.

Walter P. Carson
Pittsburgh, Pennsylvania

2007

Stefan A. Schnitzer
Gamboa, Republic of Panama

2007
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Foreword

The present volume captures the excitement gen-
erated by an explosion in tropical forest research.
When I was a graduate student in the late 1970s,
it seemed to be possible to read every new arti-
cle published on tropical forests. The ISI Web of
Science© confirms this schoolboy memory. Just
289 articles published between 1975 and 1979
included the words “forest*” (for forest, forested
or forests) and the name of a tropical country
(or tropic*) in their titles. By reading just one or
two articles a week, I was able to keep abreast
of the entire literature on tropical forests. This
would be nearly impossible today. Between 2002
and 2006, 2593 articles met the criteria described
above reflecting a nine-fold increase in the rate
of publication of tropical forest articles since the
late 1970s. This explosion has been driven by
new discovery; new theory; new technology; new
challenges posed by global change, deforestation
and other threats to tropical biodiversity; and
ongoing interest in theory posed in the 1970s
and earlier. This volume illustrates each of these
developments.

In the 1970s, we all “knew” that ants were
predatory with the exception of an insignificant
few observed at extrafloral nectaries. No one
guessed that plant exudates supported most of the
great biomass of ants (Chapter 6). Likewise, no one
guessed that plants consisted of a mosaic of plant
plus endophytic fungi and that the endophytic
fungi were hyperdiverse with tens to hundreds of
species inhabiting each leaf in the forest (Chapter
15). The roles of herbivorous ants and endo-
phytic fungi are only beginning to be explored,
and their implications for forest biology are poten-
tially profound. New theories of chance, dispersal
and seed limitation (Chapters 2, 8 and 14) and
new tradeoffs postulated between fecundity and
habitat tolerance (Chapter 11) also hold the poten-
tial to change our understanding of how tropical

forest communities are structured and are only
now beginning to be explored.

In the 1970s, we would have been mysti-
fied by functional (Chapter 10) and phylogenetic
(Chapter 20) approaches to plant community
ecology and the knowledge base in physiology,
morphology and molecular genetics that makes
these approaches possible today. Both approaches
have the potential to reduce the immense number
of species of tropical forest plants to a man-
ageable number of ecologically distinct groups
or crucial relationships among species’ traits.
Today, we are striving to bring functional, phy-
logenetic and ecological approaches together for
6000 plus tropical tree species found in the
network of large Forest Dynamics Plots main-
tained by the Center for Tropical Forest Science
(Chapter 7).

A graduate student in the late 1970s would
have been familiar with the plant favorable-
ness (Chapters 3 and 4), regeneration niche
(Chapter 6), Janzen–Connell (Chapter 13) and
bottom-up versus top-down hypotheses (Chapters
16–19 and 21) addressed by one third of the
chapters in this volume and would be delighted
to read the progress summarized here. I was also
familiar with the potential of large forest plots –
Robin Foster and Steve Hubbell were busy gener-
ating excitement for a grand new plot when I was a
graduate student on Barro Colorado Island – and
it is also a delight to see that potential realized
(Chapter 7). Likewise, Phyllis Coley and I were
contemporaries as graduate students on BCI as
she revolutionized the study of herbivory (and I
muddled about with island communities of birds
and lizards), and it is a delight to see many of
her ideas extended to a new framework to explain
herbivory gradients across tropical rainfall gradi-
ents (Chapter 5) and to bioprospecting for new
pharmaceuticals (Chapter 25).
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xii Foreword

The final section of this volume (Chapters
22–28) would shock a 1970s graduate student.
A potential tropical deforestation crisis was only
first publicized in the early 1970s (Gómez-Pompa
et al. 1972 Science 177, 762–765). The severity
of deforestation in 2007 and the many exacer-
bating problems (Chapters 24, 26 and 27) would
be entirely unexpected. The potential for solutions
through natural secondary succession on aban-
doned agricultural land (Chapters 22 and 23)
and conservation action (Chapter 25) proposed,
in some cases, by my peers from the late 1970s on
BCI would be equally surprising and heartening.

Where do we go from here? What might a grad-
uate student do in 2007 to have the greatest
future impact? There are many answers. Spectac-
ular new data sets are being made available by
the Angiosperm Phylogeny Group, by several new
efforts to assemble global plant and animal trait
data, and by the new remote sensing technologies
mobilized in global change research. Those trained
to capitalize on these and other similar data sets
will make many important contributions.

Simultaneously, we are still in the age of dis-
covery in tropical forest ecology. No one suspected
that there might be millions of species of endo-
phytic fungi in tropical leaves until Elizabeth
Arnold looked starting in 1996. We are equally
ignorant of the roles of myriad other organ-
isms. Even the local point diversity of herbivorous
insects remains an unknown. Basic discovery will

continue to make many crucial contributions to
tropical forest ecology.

Finally, I will return to the nine-fold explo-
sion in tropical forest publication rates mentioned
in the first paragraph. The publication rate for
extra-tropical forests increased just 4.3-fold over
the same time interval. This latitudinal differ-
ence has been driven by a 15-fold increase in
publication rates for authors from tropical coun-
tries. The increase in tropical forest publication
rates falls to 5.8-fold when authors with tropical
addresses and unknown addresses are excluded.
The rapid increase in publication rates for authors
from tropical countries is very uneven. Scientists
from Brazilian and Mexican institutions increased
their rate of tropical forest publications by 71-fold
between 1975–1979 and 2002–2006 (from just
9 to 644 articles). Perhaps not surprisingly the
authors of this volume include one Brazilian
(Chapter 21) and two Mexicans (Chapter 5).
Increasingly, scientists from Brazil, Mexico, and
other tropical countries will formulate the trop-
ical forest research agenda and determine what
research has the greatest future impact. This is a
positive development.

S. Joseph Wright
Smithsonian Tropical Research Institute

Apartado 0843-03092, Balboa
Republic of Panama
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strips of rainforest vegetation (termed “gallery for-
est”) often persist along permanent rivers and
streams (IBGE 1997).

Most of the Amazon is flat or undulating, at low
elevation (<300 m), and overlays very poor soils.
Roughly four-fifths of the Amazon’s soils are clas-
sified as latosols (Brown 1987, Sarre et al. 1996),
which are heavily weathered, acidic, high in toxic
aluminum, and poor in nutrients (Richter and
Babbar 1991). Somewhat more productive soils
in the Amazon are concentrated along the basin’s
western margin, in the Andean foothills and their
adjoining floodplains. These areas are much more
recent geologically than the rest of the basin and
thus their soils are less heavily weathered.

Rainfall varies markedly across the Amazon. In
general, forests in the basin’s eastern and southern
portions are driest, with the strongest dry sea-
son. Although evergreen, these forests are near
the physiological limits of tropical rainforest, and
can persist only as a result of having deep root
systems that access groundwater during the dry
season (Nepstad et al. 1994). The wettest and least
seasonal forests are in the northwestern Amazon,
with the central Amazon being intermediate;
forests in these areas do not require deep roots.

DIRECT THREATS TO THE
AMAZON

Agriculture

Historically, Amazonian development has been
limited by the basin’s poor soils, remoteness from
major population centers, and diseases such as
malaria and yellow fever. This is rapidly chang-
ing. In the Brazilian Amazon, which comprises
two-thirds of the basin, more forest was destroyed
during the last 30 years than in the previous
450 years since European colonization (Lovejoy
1999). Losses of Amazonian forests in Bolivia,
Ecuador, Colombia, and Peru have also risen sub-
stantially in recent decades (e.g., Sarre et al.
1996, Viña and Cavalier 1999, Steininger et al.
2001a,b).

Deforestation rates in the Amazon aver-
age roughly 3–4 million ha per year – an
area larger than Belgium. The most reliable

deforestation statistics are for the Brazilian
Amazon (Figure 27.1). These statistics have been
produced annually since 1989 (except 1993) by
Brazil’s national space agency based on interpreta-
tion of satellite imagery (INPE 2005). Despite var-
ious initiatives to slow forest loss, deforestation in
Brazilian Amazonia has accelerated substantially
since 1990 (F1,14 = 11.17, R2 = 44.4%, P =
0.005; linear regression with log-transformed
deforestation data). Considerable year-to-year
variation in deforestation rates (Figure 27.1)
results from changing economic trends (such
as fluctuating commodity prices and interna-
tional currency-exchange rates, which affect tim-
ber, beef, and soy exports); evolving government
policies (such as stabilization of Brazilian hyper-
inflation in 1994 that freed pent-up funds for
development, ongoing infrastructure expansion,
periodic crackdowns on illegal logging, and the
designation of new protected areas); and cli-
matic conditions (particularly droughts, which
strongly influence forest burning) (Laurance
2005a). Rates of deforestation have been espe-
cially high in recent years; from 2002 to 2004,
nearly 2.5 million ha of forest was destroyed annu-
ally – equivalent to 11 football fields a minute.
This increase mostly resulted from rapid destruc-
tion of seasonal forest types in the southern and
eastern parts of the basin; relative to preceding
years (1990–2001), forest loss shot up by 48% in
the states of Pará, Rondônia, Mato Grosso, and
Acre (Laurance et al. 2004a).

The most important proximate drivers of defor-
estation in the Amazon today are directly related
to agriculture. The greatest cause of forest loss
is large-scale cattle ranching, typically by rela-
tively wealthy landowners. Ranchers commonly
use bulldozers to extract timber prior to felling
and burning the forest (Uhl and Buschbacher
1985). Large- and medium-scale ranchers may
cause as much as three-quarters of all deforesta-
tion in the Brazilian Amazon (Fearnside 1993,
Nepstad et al. 1999a) and also account for much
forest loss elsewhere in Latin America (e.g., Viña
and Cavalier 1999). From 1990 to 2005, the
number of cattle in Brazilian Amazonia nearly
tripled, from about 22 million to 60 million head.
Brazilian beef exports rose sharply during this
period both because of favorable exchange rates
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Figure 27.1 Estimated deforestation rates in Brazilian Amazonia from 1990 to 2005 (data from INPE 2005).
The regression line shows the overall trend.

and because Brazil is free from hoof-and-mouth
disease (Kaimowitz et al. 2004, Laurance 2005a).

Second in importance is slash-and-burn farm-
ing by landowners who clear small (typically
1–2 ha) areas of forest each year to plant manioc,
corn, bananas, and other crops (Fearnside 1993).
The forest’s understory is slashed with machetes
and the debris is ignited during the dry season.
The ash from the burned vegetation provides a
pulse of plant nutrients, which supports crops for
a few years before the area is left to fallow and the
farmer is forced to clear more forest. Slash-and-
burn farming occurs both opportunistically (often
illegally) and as a result of government-sponsored
colonization programs that allocate small forest
tracts (usually <100 ha) to individual families.
Brazil has hundreds of Amazonian colonization
projects involving at least half a million people
(Homma et al. 1992), initiated in part to help
divert population flows that would otherwise fur-
ther overcrowd Brazil’s major cities (Fearnside
1990, 1993).

The third cause of deforestation, industrial agri-
culture, is growing rapidly in importance in drier

areas of the Amazon basin and in adjoining
transitional forests and cerrado woodlands and
savannas. Most of these farms are devoted to soy,
which involves clearing large expanses of rela-
tively flat land for crop production. Soy farming
has been a major cause of deforestation in north-
ern and eastern Bolivia (Steininger et al. 2001a,b)
and is rapidly increasing in Pará, Maranhão, and
especially Mato Grosso states in Brazil (Fearnside
2001). In 2004 nearly half of all deforestation
in Brazilian Amazonia occurred in Mato Grosso
(INPE 2005), largely as a result of the explosive
growth of industrial soy farms (Laurance et al.
2004a).

Logging

In recent decades, industrial logging (Figure 27.2)
has increased sharply in the Amazon, and now
affects 1–2 million ha of forest each year in
Brazilian Amazonia alone (Nepstad et al. 1999b,
Asner et al. 2005). In the tropics, logging is nor-
mally selective, in that only a relatively small
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Figure 27.2 Industrial logging, like this operation in northern Bolivia, creates labyrinths of roads that promote
forest colonization and overhunting (photograph by W.F. Laurance).

percentage of all trees are harvested. However,
the number of harvested species varies consider-
ably among regions. In new frontiers, only 5–15
species are typically harvested (1–3 trees ha!1),
but in older frontiers up to 100–150 species are
harvested (5–10 trees ha!1) (Uhl et al. 1997).
Valuable timbers such as mahogany (Swietenia
spp.) are overexploited and play a key role in
making logging operations profitable (Fearnside
1997).

The immediate impacts of logging mostly arise
from the extensive networks of roads, tracks, and
small clearings created during cutting operations
(Figure 27.2), which cause collateral tree mortal-
ity, soil erosion and compaction, vine and grass
invasions, and microclimatic changes associated
with disruption of the forest canopy (Uhl and
Vieira 1989, Veríssimo et al. 1992, 1995, Johns
1997). Many sensitive wildlife species decline

in logged forests (Johns 1997 and references
therein). In addition, logging has important indi-
rect effects; by creating labyrinths of forest roads,
logging opens up areas for colonization by migrant
settlers and ranchers who often use destruc-
tive slash-and-burn farming methods (Uhl and
Buschbacher 1985, Veríssimo et al. 1995). Log-
ging often leads to an increase in hunting, which
can seriously affect some wildlife species. In the
Malaysian state of Sarawak, for example, a single
large logging camp was estimated to consume over
30,000 kg of wildlife meat each year (Bennett and
Gumal 2001).

Logging is a multi-billion dollar business in the
Amazon. Brazil currently has about 400 domes-
tic timber companies operating in the Amazon,
which operate from 6000 to 7000 timber mills,
whereas Bolivia has about 150 domestic compa-
nies (Laurance 1998). In addition, multinational
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timber corporations from Malaysia, Indonesia,
China, South Korea, and other Asian nations
have moved rapidly into the Brazilian Amazon
by acquiring control of large forest tracts, often
by purchasing interests in local timber firms. In
Guyana, Suriname, and Bolivia, these corpora-
tions have obtained extensive long-term forest
leases (termed “concessions”; Colchester 1994,
Sizer and Rice 1995). In 1996 alone, Asian cor-
porations invested more than 500 million dollars
in the Brazilian timber industry (Muggiati and
Gondim 1996). Asian multinationals now own or
control at least 13 million ha of Amazonian forest
(Laurance 1998).

A striking feature of the Amazonian timber
industry is that illegal logging is rampant. A
1997 study by Brazil’s national security agency
concluded that 80% of Amazonian logging was
illegal, and recent raids have netted massive stocks
of stolen timber (Abramovitz 1998). Aside from
widespread illegal cutting, most legal operations
from the hundreds of domestic timber companies
in the Amazon are poorly managed. A govern-
ment inspection of 34 operations in Paragominas,
Brazil, for example, concluded that “the results
were a disaster,” and that not one was using
accepted practices to limit forest damage (Walker
1996). In the late 1990s, in a controversial
attempt to gain better control over Amazonian log-
ging operations, Brazil opened 39 of its National
Forests, totaling 14 million ha, to logging, arguing
that concessions would not be granted to com-
panies with poor environmental records (Anon.
1997). Brazil plans greatly to expand its sys-
tem of National Forests in the Amazon, adding
50 million ha of new logging reserves by the year
2010 (Veríssimo et al. 2002).

Forest fragmentation

The rapid pace of deforestation is causing for-
est fragmentation on many spatial scales. On a
basin-wide scale, major new highways, roads, and
transportation projects are now penetrating deep
into the heart of the basin, promoting forest col-
onization, logging, mining, and deforestation in
areas once considered too remote for develop-
ment (Laurance 1998, 2005a, Carvalho et al.

2001, Laurance et al. 2001a,b, 2002a, 2004a).
By 1988, the area of forest in Brazilian Amazonia
that was fragmented (<100 km2 in area) or prone
to edge effects (<1 km from forest edge) was more
than 150% larger than the area that had actu-
ally been deforested (Skole and Tucker 1993).
Because over 18% of the region’s forests have now
been cleared (INPE 2005), the total area affected
by fragmentation, deforestation, and edge effects
could constitute one third or more of the Brazilian
Amazon today (Laurance 1998).

On a landscape scale, different land uses tend
to generate distinctive patterns of fragmenta-
tion. Cattle ranchers destroy large, rectangular
blocks of forest, and habitat fragments in such
landscapes are often moderately regular in shape
(Figure 27.3, right). Forest-colonization projects,
however, result in more complex patterns of
fragmentation (Figure 27.3, left), creating very
irregularly shaped fragments with a high pro-
portion of forest edge (Dale and Pearson 1997,
Laurance et al. 1998b). Remote-sensing studies
suggest that, as a result of rapid habitat fragmen-
tation, nearly 20,000 km of new forest edge is
being created each year in the Brazilian Amazon
(W. Chomentowski, D. Skole, and M. Cochrane
personal communication).

Habitat fragmentation has myriad effects on
Amazonian forests (reviewed in Laurance et al.
2002b), such as altering the diversity and compo-
sition of fragment biota, and changing ecological
processes like pollination, nutrient cycling, and
carbon storage (Lovejoy et al. 1986, Bierregaard
et al. 1992, Didham et al. 1996, Laurance
and Bierregaard 1997). Edge effects – ecologi-
cal changes associated with the abrupt, artificial
edges of forest fragments – penetrate at least
300 m into Amazonian forests (Figure 27.4;
Laurance et al. 1997, 1998a, 2000, 2002b).
Moreover, forest fragmentation appears to inter-
act synergistically with ecological changes such
as hunting, fires, and logging (Laurance and
Cochrane 2001, Peres 2001, Cochrane and
Laurance 2002, Laurance and Peres 2006), col-
lectively posing an even greater threat to the
rainforest biota.

As a result of such changes, many fau-
nal groups, including insectivorous understory
birds, most primates, and larger mammals,
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Tailândia Paragominas

Figure 27.3 Different land uses in the Brazilian Amazon produce distinctive patterns of forest fragmentation.
Government-sponsored colonization projects in Tailândia result in a “fishbone” pattern of fragmentation, which
differs from the fragmentation pattern caused by cattle ranching near Paragominas. Each image shows an area of
about 600 km2.

decline in abundance or disappear in fragmented
forests (Lovejoy et al. 1986, Schwartzkopf and
Rylands 1989, Bierregaard et al. 1992, Stouffer
and Bierregaard 1995). Numerous invertebrate
species, such as certain ants, beetles, butterflies,
and termites, also respond negatively to fragmen-
tation and edge effects (Klein 1989, Didham et al.
1996, Brown and Hutchings 1997, Carvalho and
Vasconcelos 1999). Remarkably, many arboreal
mammals, understory birds, and invertebrates are
unable or unwilling to cross even small (30–80 m
wide) forest clearings (Laurance et al. 2002b,
Laurance, S.G. et al. 2004).

Wildfires

Under natural conditions, large-scale fires are
evidently very rare in Amazonian rainforests,

perhaps occurring only once or twice every thou-
sand years during exceptionally severe El Niño
droughts (Sanford et al. 1985, Saldariagga and
West 1986, Meggers 1994, Piperno and Becker
1996). Closed-canopy tropical forests are poorly
adapted to fire (Uhl and Kauffman 1990), and
even light ground-fires kill many trees and vir-
tually all vines (Kauffman 1991, Barbosa and
Fearnside 1999, Cochrane and Schulze 1999,
Cochrane et al. 1999, Nepstad et al. 1999a,b).

The incidence of fire has increased radically
in the Amazon, for two reasons. First, the num-
ber of ignition sources has increased by orders
of magnitude since European colonization. Fire
is used commonly in the Amazon today, to clear
forests, destroy slash piles, and help control weeds
in pastures. Over a 4-month period in 1997, satel-
lite images revealed nearly 45,000 separate fires
in the Amazon (P. Brown 1998), virtually all of



Erica Schwarz CARSON: “carson_c027” — 2008/5/13 — 17:53 — page 464 — #7

In
cr

ea
se

d 
w

in
d 

di
st

ur
ba

nc
e

E
le

va
te

d 
tr

ee
 m

or
ta

lit
y

In
va

si
on

 o
f d

is
tu

rb
an

ce
-a

da
pt

ed
 b

ut
te

rf
lie

s

A
lte

re
d 

sp
p.

 c
om

po
si

tio
n 

of
 le

af
-li

tte
r 

an
ts

In
va

si
on

 o
f d

is
tu

rb
an

ce
-a

da
pt

ed
 b

ee
tle

s

A
lte

re
d 

sp
p.

 c
om

po
si

tio
n 

of
 le

af
-li

tte
r 

in
ve

rt
eb

ra
te

s
A

lte
re

d 
ab

un
da

nc
e 

an
d 

di
ve

rs
ity

 o
f l

ea
f-

lit
te

r 
in

ve
rt

eb
ra

te
s

A
lte

re
d 

he
ig

ht
 o

f g
re

at
es

t f
ol

ia
ge

 d
en

si
ty

Lo
w

er
 r

el
at

iv
e 

hu
m

id
ity

F
as

te
r 

re
cr

ui
tm

en
t o

f d
is

tu
rb

an
ce

-a
da

pt
ed

 tr
ee

s
R

ed
uc

ed
 c

an
op

y 
he

ig
ht

R
ed

uc
ed

 s
oi

l m
oi

st
ur

e
Lo

w
er

 c
an

op
y-

fo
lia

ge
 d

en
si

ty

In
cr

ea
se

d 
13

C
 in

 u
nd

er
st

or
y 

le
av

es
In

cr
ea

se
d 

ai
r 

te
m

pe
ra

tu
re

In
cr

ea
se

d 
te

m
pe

ra
tu

re
 a

nd
 v

ap
or

 p
re

ss
ur

e 
de

fic
it

R
ed

uc
ed

 u
nd

er
st

or
y-

bi
rd

 a
bu

nd
an

ce
E

le
va

te
d 

lit
te

rf
al

l

In
cr

ea
se

d 
ph

ot
os

yn
th

et
ic

al
ly

 a
ct

iv
e 

ra
di

at
io

n 
in

 u
nd

er
st

or
y

Lo
w

er
 r

el
at

iv
e 

hu
m

id
ity

In
cr

ea
se

d 
nu

m
be

r 
of

 tr
ee

fa
ll 

ga
ps

In
cr

ea
se

d 
13

C
 in

 u
nd

er
st

or
y 

ai
r

H
ig

he
r 

un
de

rs
to

ry
-f

ol
ia

ge
 d

en
si

ty
In

cr
ea

se
d 

se
ed

lin
g 

gr
ow

th

In
va

si
on

 o
f d

is
tu

rb
an

ce
-a

da
pt

ed
 p

la
nt

s
Lo

w
er

 le
af

 r
el

at
iv

e-
w

at
er

 c
on

te
nt

s

Lo
w

er
 s

oi
l-m

oi
st

ur
e 

co
nt

en
t

H
ig

he
r 

va
po

r 
pr

es
su

re
 d

ef
ic

it

H
ig

he
r 

le
af

 c
on

du
ct

an
ce

In
cr

ea
se

d 
ph

os
ph

or
us

 c
on

te
nt

 o
f f

al
lin

g 
le

av
es

In
va

si
on

 o
f d

is
tu

rb
an

ce
-a

da
pt

ed
 p

la
nt

s
In

cr
ea

se
d 

re
cr

ui
tm

en
t o

f C
ec

ro
pi

a 
sp

p.

R
ed

uc
ed

 d
en

si
ty

 o
f f

un
ga

l f
ru

iti
ng

 b
od

ie
s

Edge parameter

0
10

0
20

0
30

0
40

0
50

0

E
dg

e 
pe

ne
tr

at
io

n 
di

st
an

ce
 (

m
)

Fi
gu

re
2

7
.4

W
he

n
fr

ag
m

en
te

d,
A

m
az

on
ia

n
fo

re
st

sa
re

al
te

re
d

by
a

gr
ea

td
iv

er
si

ty
of

ed
ge

ef
fe

ct
st

ha
tp

en
et

ra
te

to
va

ry
in

g
di

st
an

ce
si

nt
o

fo
re

st
in

te
ri

or
s(

af
te

r
La

ur
an

ce
et

al
.2

00
2b

).



Erica Schwarz CARSON: “carson_c027” — 2008/5/13 — 17:53 — page 465 — #8

Environmental Promise and Peril in the Amazon 465

Figure 27.5 Ground-fires can penetrate
several kilometers into forests, killing many
trees and vines and making forests
vulnerable to even more devastating
wildfires in the future (photograph by M.A.
Cochrane).

them human-caused. During the 1997–1998 El
Niño drought, wildfires lit by farmers and ranchers
swept through an estimated 3.4 million ha of frag-
mented and natural forest, savanna, regrowth,
and farmlands in the northern Amazonian state
of Roraima (Barbosa and Fearnside 1999), and
there were many large fires in other locations
(Cochrane and Schulze 1998). Smoke from forest
burning becomes so bad during strong droughts
that regional airports must be closed and hos-
pitals report large increases in the incidence of
respiratory problems (Laurance 1998).

Second, human land uses increase the vulner-
ability of tropical forests to fire. Logged forests

are far more susceptible to fires, especially dur-
ing droughts. Logging increases forest desiccation
and woody debris (Uhl and Kauffman 1990), and
greatly increases access to slash-and-burn farm-
ers and ranchers, which are the main sources of
ignition (Uhl and Buschbacher 1985). The combi-
nation of logging, migrant farmers, and droughts
was responsible for the massive fires that destroyed
millions of hectares of Southeast Asian forests
in 1982–1983 and 1997–1998 (Leighton 1986,
Woods 1989, N. Brown 1998).

Fragmented forests are also exceptionally vul-
nerable to fire (Figure 27.5), especially in more
seasonal areas of the basin. This is because
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Figure 27.6 Fragmented forests are often extremely
vulnerable to fire. Shown is the mean estimated fire
frequency as a function of distance from forest edge, for
419 forest fragments in a 2500 km2 landscape in
eastern Amazonia (adapted from Cochrane and
Laurance 2002).

fragment edges are prone to desiccation (Kapos
1989) and contain large amounts of flammable
litter and wood debris (Nascimento and Laurance
2004), and because forest remnants are juxta-
posed with fire-prone pastures, farmlands, and
regrowth forests (Gascon et al. 2000). Ground-
fires originating in nearby pastures can pene-
trate thousands of meters into fragmented forests
(Figure 27.6; Cochrane and Laurance 2002).
These low-intensity fires kill many trees and
increase canopy openings and fuel loads, making
the forest far more prone to catastrophic wild-
fires in the future (Cochrane and Schulze 1999,
Cochrane et al. 1999). Roughly 45 million ha of
forests in Brazilian Amazonia (13% of the total
area) are currently vulnerable to edge-related fires
(Cochrane 2001).

Additional pressures

Today, even the remotest areas of the Amazon
are being influenced by human activities. Illegal
gold mining is widespread, with wildcat miners
polluting streams with mercury (used to sepa-
rate gold from sediments) and degrading stream
basins with pressure hoses. Illegal miners have

also threatened indigenous Amerindians through
intimidation and introduction of new diseases
(Christie 1997). In addition, increasing numbers
of major oil, natural gas, and mineral develop-
ments (iron ore, bauxite, gold, copper) are being
sanctioned by Amazonian governments (Nepstad
et al. 1997, Laurance 1998); such projects provide
the economic impetus for construction of roads,
highways, and transportation networks, which
greatly increase forest loss and fragmentation.
Finally, hunting pressure is growing throughout
the Amazon because of greater access to forests
and markets and the common use of shotguns
(Alvard et al. 1997, Peres 2001). Intensive hunt-
ing can alter the structure of animal communi-
ties, extirpate species with low reproductive rates,
and exacerbate the effects of habitat fragmenta-
tion on exploited species (Robinson and Redford
1991).

The magnitude of the human footprint in the
Amazon is illustrated by a recent study. Barreto
et al. (2005) used extensive spatial data on
deforestation, urban centers, agrarian reform set-
tlements, hotspots indicating forest fires, areas
licensed for mining and mineral reserves, and posi-
tions of authorized logging operations to estimate
the extent of human activities in the Brazilian
Amazon. By 2002, they found, an estimated 47%
of the region was under direct human pressure.
Their study was conservative because it did not
include illegal logging, which is very extensive
(e.g., Asner et al. 2005), as well as insidious
changes such as overhunting that are largely
not detectable using available remote-sensing
techniques.

FUTURE THREATS

Pressures on Amazonian forests will almost cer-
tainly increase in the future. Ultimately, the rapid
expansion of the Amazonian population, which
rose in Brazil from about 2.5 million in 1960 to
over 20 million today (IBGE 2000), is increas-
ing pressures on forests. Such striking growth
has mainly resulted from long-term government
policies designed to accelerate immigration and
economic development in the region, including
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large-scale colonization schemes, a tax-free devel-
opment zone, and credit incentives to attract pri-
vate capital (Moran 1981, Smith 1982, Fearnside
1987, Laurance 2005a). As a result, the Amazon
has the highest rate of immigration of any region
in Brazil, and has often been characterized as
an “escape valve” for reducing overcrowding,
social tensions, and displacement of agricultural
workers in other parts of the country (Anon.
2001).

Of more immediate importance is that several
Amazonian countries have ambitious, near-term
plans to develop major infrastructure projects
encompassing large expanses of the basin. These
projects are intended to accelerate economic
development and exports, especially in the indus-
trial agriculture, timber, and mining sectors of the
economy. In the Brazilian Amazon, unprecedented
investments, on the order of 20 billion dollars, are
being fast-tracked to facilitate construction of new
highways, roads, railroads, gas lines, hydroelectric
reservoirs, power lines, and river-channelization
projects (Laurance et al. 2001b, Fearnside 2002).
Under current schemes, about 7500 km of new
paved, all-weather highways will be created. Key
environmental agencies, such as the Ministry of
the Environment, are being largely excluded from
the planning of these developments (Laurance
and Fearnside 1999).

The new infrastructure projects have the poten-
tial to cause unprecedented forest loss and degra-
dation (Figure 27.7). The once-remote northern
Amazon, for example, has been bisected by the
BR-174 highway, which spans some 800 km
between Manaus and the Venezuelan border,
greatly increasing physical access for logging and
colonization projects. Other large highways, such
as the BR-319 and BR-163, will soon bisect the
central-southern Amazon along a north–south
axis. Permanent waterways are being constructed
that involve channelizing thousands of kilometers
of the Madeira, Xingu, Tocantins, and Araquaia
rivers, to allow river barges to transport soybeans
from rapidly expanding agricultural areas in cen-
tral Brazil (Fearnside 2001). In addition, planned
road projects will traverse large expanses of the
southern Amazon and ascend the Andes to reach
the Pacific coast, passing through Bolivia, Peru,
and northern Chile. A 3000 km natural-gas line

is also under construction between Santa Cruz,
Bolivia and São Paulo, Brazil (Soltani and Osborne
1994).

If they proceed as currently planned, the new
infrastructure projects will be one of the most
serious threats to Amazonian forests (Laurance
et al. 2001a, 2004a). By criss-crossing the basin
and greatly increasing physical access to forests,
the new projects will open up expansive frontiers
for colonization and encourage further immigra-
tion into a region that is already experiencing
rapid population growth. Forest loss and frag-
mentation are expected to increase considerably
(Figure 27.7). In the future, the resulting for-
est remnants will be far more vulnerable than
are large expanses of intact forest to predatory
logging, wildfires, and other degrading activities.

A final concern is that Amazonian forests could
be subjected to major environmental alterations
as a result of global warming, changes in atmo-
spheric composition, or large-scale land-cover
changes that reduce evapotranspiration and alter
land–atmosphere interactions (e.g., Laurance
2004, Laurance et al. 2004b, Malhi and Phillips
2005 and references therein). Reductions in
future precipitation are especially likely to have
important impacts on forests. For example, several
(but not all) of the leading global circulation mod-
els suggest that global warming and increasing
deforestation will collectively lead to substantial
future declines in Amazonian rainfall (Costa and
Foley 2000, Cox et al. 2000, Zhang et al. 2001).
These declines are likely to be most damaging in
the large expanses of Amazonian forest that expe-
rience strong dry seasons and are already at or
near the physiological limit of tropical rainfor-
est. In such areas, the incidence of intentional or
unplanned forest fires could rise sharply.

AN EXPANDING NETWORK OF
RESERVES

Despite the growing panoply of environmen-
tal threats, this is also a period of unparalleled
opportunity for conservation in the Amazon.
Most notably, Brazil, via various federal and
state initiatives, is currently designating many
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Figure 27.7 Optimistic (above) and
non-optimistic (below) scenarios for the
Brazilian Amazon, showing predicted
forest degradation by the year 2020
(black is deforested or heavily degraded,
including savannas and other
non-forested areas; dark gray is
moderately degraded; white is lightly
degraded; and light gray is pristine) (after
Laurance et al. 2001b).

new Amazonian protected areas and sustainable-
use forests (Laurance 2005b, Peres 2005).
For example, with an area of nearly 3.9 million ha,
the recently designated Tumucumaque Moun-
tains National Park in northeastern Brazil is
the largest tropical forest reserve in the world
(Mitchell 2002).

The new conservation units in Brazilian
Amazonia vary in the kinds of resource uses
that are legally permitted (Rylands and Bran-
don 2005). Intensive uses including industrial

logging are permitted in some reserves, such as
National Forests and Environmental Protection
Areas, whereas other units, such as National
Parks, nominally allow only limited uses that
include tourism and scientific research. Yet other
conservation units, such as Extractive Reserves,
permit intermediate activities such as hunting,
rubber tapping, and traditional swidden farming
(Laurance 2005).

Although less than 5% of the Brazilian Amazon
is currently in strict-protection reserves such as
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National Parks, this figure will rise in coming
years. Via the Amazon Regional Protected Area
(ARPA) initiative, the Brazilian federal govern-
ment has committed to establish a total of 10%
of forests in the region (50 million ha) in strict-
protected areas (Rylands and Brandon 2005).
ARPA is also promoting new “sustainable-use”
reserves that allow various types of extractive
activities, from rubber tapping to industrial log-
ging, and in which biodiversity conservation is a
secondary priority. Although many new reserves
have been designated since ARPA’s inception in
2002, most are still “paper parks” that as yet have
little staffing or infrastructure.

In addition to ARPA, some forward-looking
states in the Brazilian Amazon, especially
Amapá and Amazonas, are currently establish-
ing many new conservation units, mostly smaller
sustainable-use reserves. The Brazilian Amazon
also contains several hundred indigenous lands
and territories that are controlled by Amerindian
tribes. Although not formally considered con-
servation units, these lands encompass one fifth
of the Brazilian Amazon and often have an
important role in protecting forests from preda-
tory logging and land development (Schwartzman
and Zimmerman 2005). To provide territories for
additional Amerindian groups, the network of
indigenous lands is likely to increase in the future
(Rylands and Brandon 2005).

Strategies for locating reserves in Amazonia
have evolved over time. During the 1970s,
the initial emphasis was on protecting putative
Pleistocene forest refugia, major vegetation forma-
tions, suggested phytogeographical regions, and
areas with little economic potential (Rylands and
Brandon 2005). Today, however, reserve locations
are being influenced by three concepts that arose
during the mid- to late 1990s. One of these is
ARPA, which is focusing on establishing reserves
within 23 Amazonian ecoregions, identified by
WWF, that encompass major river drainages and
vegetation types (Ferreira 2001). Another is a
series of expert workshops initiated by Brazil’s
Ministry for the Environment, which identified
385 priority areas for conservation in Amazonia
(MMA 2002). The third is the biodiversity corri-
dor concept, which proposes to link conservation
units of various types into several large chains,

to help maintain forest connectivity (Ayres et al.
1997). Several of the proposed corridors span
major rainfall gradients and might, if adequately
secured and protected, limit the impacts of future
climate change, by enabling species to shift their
ranges in response to changing conditions.

CONCLUSIONS

As discussed above, the Amazon has already been
substantially altered by human activities, with
roughly one fifth of all its forests having been
destroyed to date, and larger expanses – perhaps
another third of the remaining forest – having
been degraded by selective logging, surface fires,
habitat fragmentation, and edge effects. Moreover,
even many of the remotest areas of the Amazon
have been altered to some degree by hunting and
by other forms of exploitation such as illegal gold
mining. The rapid pace of Amazon forest loss
could easily accelerate in the future given cur-
rent plans for major expansion of transportation
infrastructure, with a number of new projects
slated to penetrate deep into intact forest tracts.
Especially alarming is the prospect that the basin’s
forests could be fragmented on a large spatial scale,
which could dramatically increase the vulnerabil-
ity of remaining forests to a range of exploitative
activities.

Nonetheless, the conservation prognosis is not
entirely negative. As has occurred in the past,
especially in areas with infertile soils, large
expanses of exploited land in the Amazon will
be abandoned, usually after cattle ranching, lead-
ing to regeneration of secondary forests. These
secondary forests are clearly superior to pastures
in terms of their hydrological functions and car-
bon storage. They also provide some habitat for
wildlife, but their benefits for old-growth forest
species are usually limited where regrowth is
young or does not adjoin primary forest (a source
of seeds and animal seed dispersers) (Uhl et al.
1988, Lamb et al. 2005). In the Amazon, many
areas of secondary forest are burned after one to
several decades to create new pastures (Fearnside
2000).

Perhaps the greatest cause for optimism in the
Amazon is the prospect of a major expansion
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of the current system of protected and semi-
protected areas. Although many of these new
conservation units will be under multiple-use
management and thus can be subjected to inten-
sive uses such as industrial logging, they clearly
afford some degree of protection to forests. The
growing network of indigenous lands will also
help to limit the extent of forest exploitation. The
great challenges for the near future are to rapidly
expand the existing protected-area network, and
to establish direly needed staffing and infrastruc-
ture for park management. Such initiatives will
be crucial, because pressures on protected areas
will increase rapidly in the future as highways
and other transportation infrastructure ramify
throughout the basin, bringing conservation units
and the expanding Amazonian population into
ever-closer contact.
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